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PREFACE. 






The drcumstances "^hich have led to the preparation of the 
following work may be briefly explained. The author was 
extensively engaged for many years in the practical constraction 
of Mill-gearing ; he found the existing rules for calculating the 
Power of Wheels and Shafts very unsatisfactory; and as to 
^ggo^ ^6 only known rules are of comparatively modem date, 
and are given in such a form as to be almost useless for practical 
purposes. Under these circumstances, he was led to search for 
Bules and to construct Tables for his own daily use, and he now 
^ gives the results to the world. It is, perhaps, necessary to say 

thus much, because the rules are for the most part novel, and 
^ it may be well to explain that they have not been adopted in 

^ pursuance of any favourite theory, but are the result of the 

^ inflexible teachings of a long and varied experience. For the 

K same reason, many examples are given of Wheels, Shafts, 

^ Biggers, &c., in practice, that the reader may see how fax the 

rules agree therewith ; in fiact about one-third of the Tables 
in the work are devoted to that special purpose. As many of 
the rules were empirical, and did not admit of a theoretical 
demonstration, the only course open for proving their correct- 
ness, was by giving examples of successful application. 

Samdown, July, 1877. 
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PRACTICAL TREATISE ON MILL-GEARING. 



CHAPTER I. 

ON MOTIVE POWER. 



(1.) "Standard Unit of Power " — The standard unit of power 
in this country is the foot-pound, or the power required to raise 
1 lb. avoirdupois 1 foot high ; but among practical engineers 
the unit most commonly used is the " horse-power," being the 
power necessary to raise 33,000 lbs. 1 foot high per minute, or, 
in other words, 33,000 foot-pounds per minute. 

This is James Watt's old standard, and its application appears 
to be very simple, but in practice certain allowances must of 
necessity be made for the loss by friction, &c., of the engine 
itself, and by the pumps or other machinery by which the work 
has to be done, and this fact has led to the use of such terms as 
" nominal horse-power," " indicated horse-power," " gross horse- 
power," " net horse-power," &c., which complicate the matter 
extremely, and cause frequent misunderstandings even among 
engineers themselves. We shall have to use principally the 
term " nominal horse-power " in this work, and it will be well 
at the outset to explain what we understand by that term, and 
its relation to the others we have named. 

(2.) "Nominal and Indicated Horse-powerJ* — The reputed 
or " nominal " horse-power of a steam-engine is usually estimated 
by the net useful work to be done by it, and not by the actual 
power expended in doing that work, which must always include^ 
the friction of the steam-engine itself, and also that of the par- 
ticular machinery employed. Thus, say that we have an engine 
raising 200 gallons per minute 330 feet high, by a set of deep- 
well pumps. The weight of a gallon of water being 10 lbs., this 

B 



2 NOMINAL AND INDICATED HOBSE-POWBB. 

is equal to 2000 x 330 -f- 33,000 = 20 horse-power, and to do 
this work we should employ an engine of 20 nominal horse-power. 
But pumps of this kind yield in useful effect only about two- 
thirds or *66 of the power absorbed by them as shown by 
Table 1, we should therefore require 20 X 3 -=- 2 = 30 horse- 
power to do the work assigned, and if an "indicator" were 
placed on the cylinder, the diagram would have to show 30 net 
indicated horse-power, clear of the friction of the engine itself. 
To complete the illustration, say that the friction of the engine 
alone was equal to 10 horse-power by the indicator, and we 
should then have 20 nominal, 30 net indicated, and 40 gross 
indicated horse-power. 

(3.) In this case the net indicated horse-power is 50 per cent, 
in excess of the nominal, and the gross indicated is double the 
nominal; and this may be taken as a fair average allowance 
according to the practice of our leading engineers. Unfor- 
tunately the practice of difiEerent engineers is so very variable, 
that the term "nominal horse-power" has become quite an 
indefinite one; thus Fairbaim tells us that some of his engines 
nominally of 200 horse-power show 600 gross indicated horse- 
power, equal to 300 nominal by our ratio. Again, the engines 
of the * Hercules,' by Penn, nominally of 1200 horse-power, show 
8000 gross indicated, equal to 4000 nominal by our standard. 

We shall use the term " nominal horse-power " in deference 
to custom; to substitute the more precise and definite term, 
" indicated horse-power," would render the book useless or nearly 
so to most practical men, by whom the old term is almost uni- 
yersally employed. By reducing the indicated to the nominal 
power by a certain fixed ratio in the way we have illustrated, 
we may obtain the precision of the former term with the con- 
yenience of the latter. 

(4.) It will therefore be assumed in this work that the net 
indicated horse-power of a steam-engine is 50 per cent, in excess 
of the nominal, and the gross indicated, double the nominal. 
The indicated horse-power is 33,000 foot-pounds, but an engine 
of 1 nominal horse-power should yield 33,000 x 1 * 5 = 49,500 
foot-pounds clear of its own friction, and should show by the 
indicator 33,000 X 2 = 66,000 foot-pounds gross. The ratios 
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Table 1. — Of the Modulus of Machines, being the duty or work 

done by power =1*0. 



Machines for Raising Water. 

Inclined cham-pmup 

Upright „ 

Archimedean screw 

Deep well and mine pnmps 

Persian wheel, with swinging buckets 

Chinese wheel, with oblique-tixed buckets 

Endless chain and buckets, lift 3 ft. 3 in. to 6 ft 6 in. .. 

>» >» ^^ »» ^ »» >» o »> " » •• 

» » ^ » 1" >» >» 10 „ 10 „ .. 

»» »* *•*■?»•' »> »» ■*^»' >» *'>>•• 

Centrifugal pump, 5 feet lift, 4arge size, 10,000 gallons . . 

„ 5 „ small 1,400 „ 

„ 30 „ large 1,400 „ 

„ 30 „ medium 400 „ 

„ 30 „ small 100 „ 



ModQlUB. 



Water-wheels and Turbines. 

Gkxxl oyershot with race 

Conmion overshot 

Breast wheel 

Common undershot 

Punoelet imderahot, falls under 4 ft. 

„ „ 4 ft. to 6 ft. .. 

Turbine, with water-gate full open 

9» >» Tzy »» •• 

« »> To w •• 

« »» lo >» •• 

»» n "To »» 

>» »» 10 w •• 

»♦ >» To >» 

»» »> Iff »» 

»' >» lo »> •• 

»> »» to »» •• 



»> 



*38to 

•53 

•62 

•66 

•60 

•58 

•48 

•57 

•63 

•66 

•75 

•65 

•55 

•45 

•25 



•70 

•60 

•50 

•30 

•65 

•GO 

•55 

•75 

•748 

•74 

•714 

•675 

•62 

•55 

•46 

•346 

•19 



>» 



•40 
•65 
•70 



80 
70 
70 



1, 1*5, 2, may be used for reducing the net or gross indicated 
power when they are known, to the standard nominal horse- 
power adopted as a basis in this work, and to which alone our 
rules apply : thus, 60 net indicated, is equal to 60 -7- 1 *5 = 40 
nominal, and 60 gross indicated becomes 60 -r 2 = 30 nominal 
horse-power. 

B 2 



4 NOMINAL AND INDICATED HOBSB-POWER* 

(5.) It will be observed that in (2) the nominal horse-power 
was identical with the real work done, the friction of the pnmps, 
&c., being compensated by the excess of the indicated power 
over the nominal. But this would not hold true in every case, 
and with all kinds of machinery, in fact, it will apply without 
correction only to those cases where the machinery wastes in 
friction, &c., 33 per cent, of the power employed upon them, or 
where the modulus is * 66, and Table 1 shows that this is about 
the modulus of many kinds of pumping machinery. 

With other machinery having a modulus more or less than 
* 66, the nominal power of the engine will not agree exactly 
with the useful work done ; for instance, if we had to raise 
1400 gallons 33 feet high per minute, the useful work done is 
14,000 X 33 -J- 33,000 = 14 horse-power, and with pumps of 
any kind whose modulus was * 66, this would be the nominal 
power of the engine also. But say we had to do this work by 
a centrifugal pump whose modulus by Table 1 is * 55 ; then to 
do 14-horse net work we require 14 -4- *55 = 25*5 net indicated 
horse-power, which by the ratio we have given would require an 
engine of 25 '5 -^1*5 = 17 nominal horse-power. 

Again, to raise 100 gallons 50 feet high per minute by a small 
centrifugal pump whose modulus by Table 1 is * 25, we should 
require 1000 X 50 4- (33,000 X -25) = 6 net indicated, or 
6-^1*5 = 4 horse-power nominal, although the useful work 
done is only 1000 X 50 4- 33,000 = IJ horse-power. 

(6.) Before calculating the sizes for wheels, shafts, &c., by the 
rules in this work, the real or indicated power to be dealt with 
should be ascertained or carefully estimated, and the nominal 
horse-power deduced from it by the ratios we have given (4). 
When nothing is known but the reputed power of an engine, 
&c., of course nothing more can be done than to take that as the 
nominal horse-power in fixing the proper sizes for the gearing ; 
but when the net indicated power is given, we have much more 
satisfactory data to work from, and we can easily reduce the 
indicated to nominal horse-power by taking the latter at two- 
thirds the former ; thus, 120 net indicated horse-power would 
be 120 X 2 -r 3 = 80. horse nominal by our standard, and the 
gearing should be calculated for that power. 
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(7.) When the gross indicated power alone is known, which 
is usually the case with marine engines, the nominal may be 
found with moderate accuracy by taking it at half the gross 
indicated. Although this is much less precise and satisfactory 
than the result obtained from the net indicated power, still it is 
yery much better than the reputed or nominal power given by 
the maker, as shown by the cases in (85). 

(8.) " Power of Steamrengines" — In cases where the particulars 
of an engine, such as diameter of cylinder, speed of piston, &c., 
are known, the nominal horse-power may be found by empirical 
formulsB with considerable precision, and should be used in 
preference to the reputed nominal power. 

Let d = diameter of the cylinder in inches. 

V = Velocity of piston in feet per minute (mean), 
n = Nominal horse-power by our standard in (4). 
M = Multiplier for the particular kind of engine, 
pressure, &G. 

Then, we haye the rules : 

H = (22 X V-J-M. 
d= V(HxM^V). 

V = H xM-hd^. 
M = d^ X V 4- H. 

The yalue of M will yary with the kind of engine ; for 
common high-pressure engines, with 45 lbs. of steam in the 
boiler, acting without expansion, except a small amount obtained 
by lap of slide, the steam being cut off thereby at about seven- 
tenths of the stroke; the mean yalue of M may be taken at 
2250. 

With the same pressure, the steam being cut off at one-third 
by an expansion slide and acting expansively, non-condensing, 
M = 3400. 

With the same pressure, steam cut off at one-fourth, acting 
expansively and condensing, M = 4000. 

With the same pressure a " Woolf ** engine, with two cylinders 
having cubic capacities in the ratio of four to one, the steam 
acting with its fall pressure in the small cylinder, passing 
thence into the large cylinder where it acts expansively, and is 
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afterwards condensed ; taking d in the rule as the diameter of 
the Zar^6 cylinder, the mean valne of M = 4700. 

With a common low-pressure, condensing engine, the boiler 
pressure being about 7 lbs., M = 6400. 

Table 2 gives the particulars of different kinds of engines 
from cases in practice, col. 3 being calculated by the rules ; the 
yalue of M for each case as calculated by the fourth rule is 
given by col. 8. 

(9.) These rules may be used to find the proper diameter of 
cylinder for a given nominal horse-power : say we require the 
diameters necessary for the different kinds of engine, all of 
30 nominal horse-power, with velocity of piston = 220 feet per 
minute. Then the rule d = ^ (H x M -^ Y) becomes for a 
conmion high-pressure engine (30 x 2260 -5- 220) /^ = 17^ 
inches diameter of cylinder; with a high-pressure, expansive, 
non-condensing engine (30 X 3400 -r- 220) V = 21^ inches ; 
with a high-pressure, expansive, condensing engine (30 X 4000 
-^ 220) j^ = 23| inches; with a Woolf or double-cylinder 
engine (30 X 4700 -^ 220) V = 25f inches diameter of largo 
cylinder; and with a common low-pressure, condensing engine 
(30 X 6400 -f- 220) V = 29^- inches diameter. Of course it 
must be understood, that in all these cases the pressure of 
steam, rate of expansion, &c., shall be about the same as is 
assumed in the rules. 

(10.) When the pressures, &c., differ from those assumed in 
(8) some modification of the rules is required. Putting jp for 
the mean pressure on the piston, including the vacuum in con- 
densing engines, and the rest as before, we then have the rules : 

H = (22 x^X VxM'; 
jp = H-r-(<^^X VxM'). 

We now require only two values of M', namely, for non-con- 
densing and condensing engines respectively ; for the former 
its mean value may be taken at '000012, and for the latter a^ 
•0000082. 

Thus, with a common high-pressure engine, say (2 s 9^ 
Y = 150, with say 45 lbs. steam in the boiler, reduced by 
friction of steam-pipe, &c., to 40 lbs. at the engine, cut off at 
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Table 2, — Of the Nominal Horse-power of Steam-engines of 
dififerent kinds and sizes ; — Cases in Practice. 



No. 



1 

2 
3 
4 
5 



6 

7 

8 

9 

10 

11 

12 



13 
14 
15 
16 
17 
18 



19 
20 
21 



NomiDal 
Horse- 
power. 



Nominal 
Horse- 
power 

by Rule 
in (8). 



Diameter 

of 
Cylinder. 



Stroke. 



Revolation 

per 

Minute. 



Velocily 

of Piston, 

ft. per 

Minute. 



Value 
ofM. 



inches, ft. in. 



Common Low-pbessxjre, Condensing Engines. 



80 


79-6 


45^ 


7 


17-6 


246 


6365 


45 


44-2 


34f 


6 


19-5 


234 


6282 


25 


27-8 


28 


5 6 


20-6 


227 


7120 


12 


121 


19^ 


4 


25-5 


204 


6460 


4 


4-3 


12J 


2 6 


35-0 


175 


6838 



WooLF, OB Double-cylinder Engines. 



100 


100-8 


46 


8 


14-0 


224 


4700 


60 


61-0 


35 


6 


19*5 


234 


4777 


42 


42-0 


30 


5 


22-0 


220 


4700 


35 


380 


32J 


5 


220 


220 


5104 


30 


26-4 


2^ 


4 6 


24-5 


220 


4136 


22 


22-0 


22 


4 3 


25-5 


217 


4774 


12 


12-8 


17f 


2 10 


34-0 


193 


5067 



HlQH-FBESSUBE, ExPANSIYE, CONDENSING. 



High-pressure, Expansive, Non-oondensing. 



Common High-pressure, Non-expansive. 



22 


10 


9-4 


lU 


23 


8 


7-8 


m 


24 


6 


6-0 


9J 


25 


4 


40 


8 


26 


1 


11 


4i 


27 


h 


0-5 


3i 


(I) 


(2) 


(3) 


(4) 



Nominal 
Horse- 
power by 

Rule 
in (10). 



45 


45-0 


30 


2 6 


400 


200 


4000 


20 


20-0 


20 


2 


50-0 


200 


4000 


15 


16-2 


18 


2 


50-0 


200 


4320 


12 


120 


l..i 


2 


50-0 


200 


4000 


10 


9-0 


15 


2 


40-0 


160 


3600 


9 


8-5 


13 


2. 


60-0 


200 


3756 



25 


25-5 


19 


3 


40-0 


240 


8445 


10 


10-1 


12 


2 


60-0 


2 to 


3445 


4 


40 


8 


1 2 


900 


210 


3360 



79-4 
440 
27-7 
121 
4-3 



• t 



45-7 
20-3 
16-5 
12-2 
9-1 
8-6 



250 

100 

3-9 





2 


40-0 


160 


2112 


9-4 




2 


40-0 


160 


2200 


7-8 




1 8 


45-0 


150 


2250 


6-0 




1 4 


530 


142 


2272 


4-0 




10 


72-0 


121 


2450 


11 




7 


910 


106 


2239 


0-5 




(B) 


(«) 


a) 


(8) 


(9) 
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seven-tenths by lap of slide-yalve, which by Table 3 is equal tc 
37 lbs. mean pressure throughout the stroke: — then by the 
rule we have 9^^ x 37 x 160 x '000012 = 6 nominal horse- 
power ; see No. 24 in Table 2, col. 9. 
« Again, with a high-pressure, expansive, non-condensing 
engine, say <2 = 19, V = 240, with 45 lbs. of steam in boiler, 
reduced to 40 lbs. at the engine, cut off by expansion slide at 
one-third of the stroke, by which the mean pressure is reduced 
** by Table 3 to 23 * 5, say 24 lbs. ; then by the rule we obtain 
19^ X 24 X 240 X '000012 = 24-95, say 25 horse-power; see 
No. 19 in Table 2, col. 9. 

Again, with a high-pressure, expansive and condensing 
engine, say d = 20, Y = 200; 45 lbs. steam in the boiler reduced 
to 40 lbs. at the engine, cut off at one-fourth the stroke by ex* 
pansion slide, and thus reduced by Table 3 to 17*8, say 18 lbs. 
mean pressure, which added to say 13 lbs. vacuum, givet: 
p = 18 + 13 = 31 lbs., and we have H = 20^ x 31 x 200 x 
* 0000082 = 20 * 3 nominal horse-power ; see No. 14 in Table 2, 
col. 9. 

Again, with a common low-pressure, condensing engine, say 
d = 45^, Y = 246, with 7 lbs. steam in the boiler, reduced to 
6 lbs. mean pressure above atmosphere in the cylinder, which 
added to 13 lbs. vacuum, gives j? = 6 -f- 13 = 19 lbs., and 
H becomes 45^^ x 19 x 246 x '0000082 = 79-4 nominal horse- 
power ; see No. 1 in Table 2, col. 9. 

(11.) The rule ^ = H -^ (d^ x Y x M') is useful for deter- 
mining with each class of engine the pressure necessary tc 
obtain a given power. Thus we found with a high-pressure, 
expansive, condensing engine when e2 = 20, Y = 200, that 45 lbs. 
in the boiler gave 20 '3 horse-power ; but say that we required 
to work this engine up to 30 nominal horse-power, and desire to 
know the increased pressure necessary to effect that purpose. 
Then, the rule i? = H -f- (d^ x Y X M') becomes 30 -r- (20^ x 
200 X '0000082) = 46 lbs. mean pressure throughout the 
stroke, and the vacuum being constant and equal to 13 lbs., the 
steam must yield 46 — 13 = 33 lbs. per square inch, and being 
cut off at one-fourth the stroke, its initial pressure by Table 3 
must be 65 lbs. at the engine, or say 70 lbs. in the boiler, (&c 
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Table 3.— 


Of the Mean Pressure of Expansive Steam. 






Initial 

Pressure 

above 

Atmosphere 


Point of Stroke at which the Steam is cut off. 


A i 


1 


A 


i 


A 


i 


A 


* A f 1^ 


in lbs. per 
Square Inch. 


Mean Pressure of Steam throughout the Stroke. 


15 


-5-1 


-66 


2-9 


4-8 


6*0 


8-0 


10-4 


12-0 


131 


13 


4 


14-0 


14 


3 


20 


-3-5 


3-27 


5-9 


81 


9-5 


11-8 


14-6 


16-7 


17-6 


18 


2 


18-8 


19- 


2 


25 


-1-8 


5-88 


8-8 


11-4 


13-0 


15-6 


18-8 


21-2 


22-3 


22- 


'9 


23-6 


24 


1 


30 


-0-15 8-5 


11-8 


14-7 


16-5 


19-5 


23-0 


25-8 


27-0 


27- 


7 


28-4 


29 





35 


1-50 11-1 


14-8 


18-0 


20-0 


23-3 


27-3 


30-3 


31-6 


32- 


4 


33-2 33' 


9 


40 


3-15 13-7 


17-821-3 


23-5 


27-1 


31-5 


34-8 


36-3 


37- 


2 


37-6 


38- 


8 


45 


4-8016-3 


20-824-6 


27-0 


31-0 


35-8 


39-4 


41-0 


41' 


•9 


42-9 


43' 


"7 


50 


6-4619-0 

1 


23-827-9 


30-5 


34-8 


40-0 


43-9 


45-6 


46- 


7 


47-2 


48' 


6 


55 


8-1021-5 


26-731-2 


34-0 


38-6 


44-2 


48-4 


50-3 


61 


4 


52-5 


53 


5 


60 


9-75 241 


29-7 


34-5 


37-5 


42-5 


48-5 


53-0 


55-0 


56' 


2 


57-4 


58' 


4 


65 


11-4 


26-7 


32-7 


37-8 


41-0 


46-3 


52-7 


57-5 


59-6 


60' 


9 


62-2 


63 


2 


70 


13-0 


29-4 


35-7 


41-1 


44-5 


50-1 


57-0 


62-0 


64-3 


65 


•7 


66-0 


68 


1 


75 


14-7 


32-0 


38-7 


44-4 


48-0 


54-0 


61-2 


66-5 


69-0 


70- 


4 


71-9 


73 


1 


80 


16-3 


34-6 


41-7 


47-7 


51-5 


57-8 


65-5 


71-1 


73-6 


75 


2 


76-6 


78 





90 


19-6 


39-8 


47-7 


54-3 


58-5 


95-5 


73-9 


80- 1 


83-0 


84 


6 


86-3 


87' 


'7 


100 


23-0 


45-0 


53-7 


60-9 


65-5 


73-1 


82-4 


89-2 


92-3 


94 


1 


96-0 


97- 


5 


120 


29-5 


55-4 


65-5 


74- 1 


79-4 


88-6 


99-3 


107-0 


111-5113 


•2 


115-6 


117 


•0 


150 


39-5 


71-1 


83-4 


94-0 


100*4 


111-5 


124-7 


134-2 


139-6141 


•6 


144-7 


146 


•4 



(12.) " Potoer of Water J' — Taking the case of a water-wheel 
driving a set of pumps, we may take the same pumps as before 
(2), where the net useful work done was 20 horse-power ; we 
should estimate the power of the wheel at 20-horse nominal, 
and the gearing might be calculated for that power by the rules 
in this book. But the actual power expended in doing this 
work by pumps whose modulus is * 66 would be 20 •— *66 = 30 
horse-power or 33,000 X 30 = 990,000 foot-pounds, and with a 
good overshot water-wheel yielding 75 per cent, of the power 
of the water, the gross power of the latter would be 30 -r- ' 75 = 
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40 horse-power ; here then we have 40 horse-power gross, 80- 
horse net, and 20-horse nominal. 

(13.) The ratio of the useful work done to the gross power of 
the water will vary with the kind of water-wheel or turbine 
employed, as is shown by Table 1 ; thus with a common under- 
shot water-wheel yielding only 30 per cent, of the gross 
power of the water, for 20-horse nominal, or dO-horse net, 
we should require 30 -f- * 8 = lOO-horse gross power of the 
water. 

A good ^ turbine " should yield 75 per cent, usefully, but it 
will do this only when working with its fall power, the water- 
gate being full open so as to fill the wheel completely. When 
open to a less extent the duty falls off considerably, and this is 
a drawback to the use of a turbine in cases where the work is 
necessarily yariable. From a comparison of the duty done by 
turbines at Miilbach, Moussay, and Lowell we obtain the results 
giyen by Table 1. 

Say that we have a mill-stream delivering 4800 cubic feet of 
water per minute, with a fall of 10 feet. A cubic foot of water 
weighing 62-3 lbs., we have 4800 x 62-3 x 10 -^ 33,000 = 90 
gross horse-power. A common breast wheel yielding 50 per 
cent, usefully, this is equal to 45 horse-power, as measured by 
a dynamometer, &c., on the water-wheel shaft, which is equiva- 
lent to 45 indicated horse-power with a steam-engine, or to 
45 -r 1 ' 5 = 30 nominal horse-power by our standard (4), and 
the gearing may be calculated for the latter power by the rules 
in this work. 

(14.) " Potffer of Men^ EorseSy dc*' — The power of animals 
varies greatly with the mode in which it is exerted, and the 
duration of the labour. In the case of a horse, the most favour- 
able mode of exerting the strength is in drawing a carriage at 
a low velocity, but even then is not equal to the standard of 
88,000 foot-pounds per minute, except where the duration of 
the labour is reduced to about five hours per day. When a horse 
walks in a circle for the purpose of driving machinery, the 
effective power is reduced by the unfavourable rotary motion 
the diameter of the circular path should be as large as con- 
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venient, not less than 20 or 25 feet if possible, and the velocity 
should not exceed If to 2 miles per hour. When the. power is 
employed in raising water by pumps the useful efifect is still 
further reduced by friction. Table 4 giyes the power of men, 
horses, &c., all reduced to net horse-power of 83,000 foot- 
pounds per minute ; the following examples will illustrate its 
application to practice. 

Say we had to raise 20 gallons per minute 120 feet high for 
eight hours per day, by a set of deep- well pumps; the useful work 
done is 200 x 120 -r- 33,000 = • 73 net horse-power, and will 
require by Table 4, -73 -fr -354 = 2 horses, or -73 -r- -063 = 
14 men working the pumps by winches. 

The Table 4 may also be applied to any machinery whose 
modulus is known ; thus, say that we have an upright chain- 
pump raising 200 gallons per minute 20 feet high for six hours 
per day; the net useful work done is 2000 X 20 -4- 33,000 = 1 * 21 
horse-power, and taking the modulus of the pump from Table 1, 
at *53, this is equal to 1*21 -7- '53 = 2*3 horse-power net, and 
we shall require 2*3 -f- *614 = 4 horses, or 2*3 -^ *092 = 25 
men working the pump with winches, or 2*3 -7- *109 = 21 men 
with capstans, &c. It will be observed that we have here taken 
the direct net power of the man or the horse from Table 4, 
divested of the friction of the pumps, which is allowed for in 
the modulus * 53. 

In calculating the proper strength for the horse-works, al- 
lowance should be made for the maximum strain which a horse 
may exert for a few moments imder the whip, when five or six 
times the mean power may be exerted (110). 

(15.) ^^ Baifs-ijoork of Horses, dc" — It will be foxmd by 
Table 4 that the total day's work of men and horses is not con- 
stant, but that it increases with the duration of the labour; for 
instance, with a horse walking in circle, the total day's work 
for two hours' duration may be represented by 1 * 06 x 2 = 2 * 12, 
but for eight hours per day it becomes '531 x 8 = 4*248, or 
double. This is a general law with all animal labour ; the force 
exerted is or should be inversely proportional to the square root 
of the duration of the labour, the result being that the total 
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day's work done is direcUy proportional to the square root of 
the duration. Thus with 

12 34 5 6 8 10 

hours per day, the force exerted with a constant velocity would 
be in the ratio 

1 -705 -577 -500 -448 -408 -353 -316 

Now, multiplying the duration by the force we obtain the ratio 
of the day's work, which becomes 

1 1-41 1-73 200 2-24 2*45 283 316 

Table 4 has been calculated on this principle, which requires, 
however, some further explanation : — Thus the labour of a horse 
walking in a circle for £ve hours per day is given at *672 
horse-power, which must not be understood to mean that the 
horse would work without cessation for five hours and then de- 
sist for the day, for when yielding * 672 horse-power the labour 
is excessive, and can only be done in spells of say half an hour 
(more or less, as may be dictated by experience), with equal 
intervals of rest between each, so that the horse works five hours 
and rests five, and the day's labour is spread over the usual day 
of ten hours in every case, or twelve hours including the usual 
meal-times. The heavier the labour, the shorter the spell, and 
the longer in proportion the interval of rest; thus with two 
hours' labour per day he would probably work two minutes and 
rest eight minutes, &c. ; see (65) and Table 18. 



CHAPTEE 11. 

ON WHEELS — FOBM OT TEETH. 



(16.) ^' Pitch" — The pitch of a wheel is the distance from 
centre to centre of two contiguous teeth; but there are two 
ways in which this may be measured, namely, along the curved 
pitch-line, — and in a direct straight line from centre to centre, or 
in other words, along the arc^ — and along the chord, and there 
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is a great difference of opinion as to whicli of tlie two is correct. 
If this question were a mere distinction or definition of terms, 
it would be an unimportant matter, but in the case of a small 
pinion working with a large wheel or with a rack, a considerable 
positive error ensues from the adoption of an erroneous prin- 
ciple, and the wheels will not work together correctly. Pro- 
fessor Wallace, Donkin, Templeton, and others have adopted the 
chord or straight line mode of measurement, and have given 
tables for calculating the diameter of wheels on that principle. 
It is a result of the chord principle, that the diameters of wheels 
are not exactly proportional to the number of teeth: for instance, 
a wheel with ten teeth is not precisely half the diameter of one 
with twenty teeth, &c., &c. Professor Willis, Grier, and others 
measure the pitch by the arc or along the curved pitch-line, and 
this is unquestionably the correct mode. Perhaps an ocular de- 
monstration will be the most convincing, especially to practical 
men : let Fig. 1 represent to a scale half the full size, a pinion 
of ten teeth, working into a rack, the pitch being four inches, 
and to illustrate the matter more clearly let there be no clearance 
between the teeth ; for the same reason the teeth are drawn of 
extra length. The form of the teeth having been accurately 
determined by rolling circles as explained in (18), the correctness 
of the principles (whatever they may be) on which the pitch is 
measured is manifested by the accuracy with which the teeth fit 
into one another, being in contact at the points A.B.C.D.E.F. 
If now the direct distance G.P.M be taken accurately in the 
compasses and compared with the pitch of the rack, it will be 
found to be about -j^th of an inch less than Q.E; but if the 
pitch of the pinion be measured along the curved line by short 
steps G.H.I.J.K.L.M, and the same distances be set off 
from Q, on the pitch-line of the rack at HM' . J' . K' . L' . E, the 
two sets of measurements will exactly coincide, and thus the 
method of measuring the pitch along the curved pitch-line is 
proved to be correct. To make the error of the other, or chord 
principle more palpable, let the direct distance G.P.M be set 
off three times from E to S.T and U, and it will be found that 
by the accumulation of the error, the centre of the tooth U is 
about ^ihs of an inch wrong in position, and that the teeth 
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would cut into one another to that extent at A .W as shown by 
the dotted line V . W . Z, and all the rest would do the same, only 
to a less extent. 

(17.) " Diameter of Wheels" — ^The primary idea of a pair of 
wheels is the case of two plain cylinders working against each 
other and driving by frictional contact; these are called the 
pUch^rdei, and by the diameter of a wheel, the diameter of 
these imaginary circles is always understood. The diameter 
of a wheel with a given pitch and number of teeth, may be found 
from any table of circumferences of circles, or multiplying the 
pitch by the number of teeth, and dividing the product by 
3* 1416 will give the diameter in inches ; thus a wheel with 122 
teeth 2 inches pitch, must be 122 x 2 -4- 3*1416 = 77*66 inches 
diameter at the pitch-line. The diameter may also be calculated 
by the constant multipliers in col. 3 of Table 5 ; thus in our 
case we have * 6366 x 122 = 77 ' 66 inches as before. 

(18.) " Form of Teeth."— The form of teeth should be such as 
to give the same perfect uniformity of motion as with plain 
cylinders rolling on one another. Mathematicians have sho^n 
that there ai'e two curves which fulfil that condition, namely, the 
epicycloid and the ifwolute. 

The Epicycloid is a curve drawn by a point in the circum- 
ference of a circle rolling on another circle, or on a |>lane, which 
may be regarded as a circle of infinite radius. Let A and B in 
Fig. 2 be the pitch-circles of a pair of wheels of unequal diameters, 
and a circle say half the diameter of B : in that case a pencil 
or point at D in the circumference of rolling inside the circle 
B into the position C will draw a straight and radial line 
D.E, and that will be the form of the tooth in the wheel B 
beloio pitch-line. If now this same circle C be made to roll 
outside the circle A from the position F to the position G, a 
pencil or point in its circumference at H will describe the 
epicycloidal curve H.J which will be the form of the tooth of 
the wheel A above pitch-line. It will be observed, that in all 
cases, the part of the tooth of any wheel above pitch-line, works 
only with the part below pitch-line in its fellow, and vice versa; 
in our case therefore the curve H.J works with the radial line 
D.E and will do so correctly. The teeth of the pinion A 
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below pitch may be described on the same principles by a circle 
K, half the diameter of A rolling inside that circle, into the 
position K', when a pencil in its circiunference«at D, will draw 
the straight and radial line D.L, and the same circle rolling 
outside the circle B from the position M to the position N de- 
scribes the curve O.P, which will work correctly with the radial 
ine D.L. 

(19.) The teeth of mortise-wheels are commonly formed pre- 
cisely in the manner we have described ; the teeth have in that 
case to be shaped and trimmed by hand, and the parts below 
pitch being fiat, can be worked more easily than if they were 
formed with a hollow curve. The line drawn by a circle rolling 
inside another of double its own diameter, being always a straight 
and radial line, of course the trouble of drawing that line by 
rolling circles may be avoided by using a straight-edge, &c. 

(20.) Where the case is not governed by any question of prac* 
tical convenience, the size of the describing circle is arbitrary. 
For instance, the circle K rolling from Q to E would describe 
the hollow curve S . T, which would work with the curve W . X, 
described by the same circle rolling from U to Y. In that case, 
the whole of the working parts of the teeth in both wheels are 
drawn by one and the same circle K, applied at K.M.Q.U, 
and that circle might have been of any other size at pleasure, 
the form of the teeth varying with every change in the diameter, 
but still working together correctly. 

(21.) The practical millwright can thus obtain almost any 
desired form of tooth to suit his judgment, by varying the sizes 
of the describing circles, so long as the great general principle 
is adhered t6 — that the same describing circle is used for those 
parts of the teeth which work together — namely, above pitch 
in one wheel, and below pitch in the other. It is, however, an 
almost imperative practical condition, that the describing circle 
shall not be larger than half the diameter of the smallest wheel, 
otherwise the teeth of that wheel would be very small at the 
root, and consequently very weak. 

(22.) When three or more wheels, all of different sizes, work 
together, the case becomes more complicated, but must be 
treated on the same principles. Thus the wheel I, would have 

o 
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its tooth above pitch, formed by the same circle C, by which 
the tooth of B, below pitch was formed, as at Y.T', and the 
describing circle K, which formed the curve O.P above pitch 
in the wheel B, will form the tooth below pitch in the wheel I, 
by rolling inside the pitch-circle from Z to Z'. If a constant 
or standard describing circle, such as E, be used, the whole 
matter is simplified. 

(23.) The advantages of using a comtant size of describing 
circle are very great : for instance, any wheel having its teeth 
thus formed, will work correctly with any other similar wheel, 
which is not the case where a variable size of describing circle 
is used ; and again, the trouble of making templets for every 
different size of rolling circle, and the probability of error by 
the adoption of a wrong one, is avoided. But to carry this out, 
the " Standard " size of describing circle adopted must be very 
small in order to avoid making the teeth of small pinions very 
weak at the root, and the effect of a very small circle on medium- 
sized wheels is to give a form of tooth to which there are prac- 
tical objections on the important points of strength and wearing, 
as we shall see when we come to the detail of the process of 
forming the teeth. 

(24.) In applying these principles to practice, say to the 
wheel A, Fig. 2, a portion of the pitch-circle is drawn to the 
full size on paper, and a templet a, formed of wood, say j^j^th of 
an inch thick, and shaped to the same radius, is laid upon it. 
A segment b of the describing circle C, &c., is made in the same 
way, and a needle, &c., is driven through the edge of it obliquely, 
as at /, Fig. 3, so that its point appearing on the lower side 
just coincides with the curve at g, the position on plan being at 
H in the templet h The templet a being kept in position by 
the pressure of the left hand, the templet b is pressed against it 
with the right hand with force suf&cient to prevent slipping, and 
is rolled on a into the position c, the needle at H making* ta, 
clean indented mark on the paper from H to J. If the needle 
is fixed at a proper angle, the mark made will not be a scratch, 
but a clear indentation. By trial, a radius may be found which 
will draw a curve sufficiently near the exact epicycloid for 
practical purposes. 
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The part of the tooth below pitch-line is drawn in the same 
way by forming a female templet d, npon which a segment e of 
the describing circle E is made to roll into the position A, and 
the needle at D draws the line D.L on the paper, &c., &c. 

(25.) The details of the method of drawing the teeth of 

wheels may be more folly illustrated by Fig. 1, in which we 

have a rack 4 inches pitch, working into a pinion with 10 teeth, 

having a diameter, by col. 3 of Table 6, equal to 1*2732 x 10 

= 12-732, or, say 12f inches. 

For a particular purpose, explained in (16), no clearance 
between the teeth is allowed in the figure ; this, however, will 
not affect the form of tbe teeth, which is the matter now in 
hand. If we determine beforehand that the teeth of the pinion 
below pitch shall be radial, that form would of course be given 
by a describing circle a a, half the diameter of the pitch-circle 
of the pinion, or 6f inches, and by the principles already laid 
down, this circle rolling from 6 to c on the straight pitch-line of 
the rack will draw the curve d e or the form of the tooth of the 
rack above pitch-line. By trial we may now find a radius 
which will draw that curve with approximate correctness, and 
we find it to be about 5^ inches, having its centre at /, about 
ly^^ inch below the pitch-line : this, however, will only draw 
the curve correctly from e to h, the rest, from d to A, may bo 
drawn from the centre k (at the junction of the radius h,f with 
the pitch-line of the rack) with the radius h k, which is about 
1^ inch. It will often happen, as in this instance, that two 
radii are necessary to obtain a good approximation to the true 
epicycloidal curve. 

(26.) We will assume for the rack that the form of tooth 
below pitch-line shall be stnught and perpendicular to the 
pitch-line, which is the form that would be given by a de* 
scribing circle of infinite radius, or, in other words, by a 
straight line, and a point in this same straight line rolling on 
the pitch-circle of the pinion from m to n n, will draw the curve 
D |>, which is the form of the tooth of the pinion, above pitch* 
line. Searching for a radius by which this curve may be drawn, 
we find it to be about 3| inches, having its centre at r, about 
y'^th of an inch above the pitch-circle of the pinion ; this, how- 

c 2 
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ever, will draw only that part of the curve from |) to «, leaving 
about ^th of an inch from 8 to D to be drawn with a radius 
of about 1^ inch, having its centre on the pitch-circle of the 
pinion. 

(27.) It will be found that the form of tooth with epicy- 
cloidal curves varies very greatly with the sizes of describing 
circle used, and as they are all equally correct in principle, it 
may seem to be a matter of indifference what particular size of 
circle is adopted, and what form c^. tooth ensues. But there 
are other and practical considerations which are not contem- 
plated in the rules by which the theoretical form of the teeth 
is fixed, but which it is necessary to remember as affecting the 
durability of the wheels and the power they are capable of 
transmitting. 

(28.) " Form as affecting Wear-andrtear" — The point of con- 
tact between tooth and tooth is always found in the line of the 
describing circle ; for instance, in Fig. 1, it is at E, which is in 
the circle a a ; the teeth will therefore be out of contact at the 
point <, where the describing circle and the point of the rack- 
teeth intersect. When passing the centre at G, the teeth are in 
contact at that point, or at the pitch-line ; while the side of the 
tooth moves from G to v, the point of contact moves from v to <, 
the wear-and-tear is thus distributed over the surface t v, or 
more distinctly from w to x. The relative distance over which 
the strain is distributed governs the durability of the wheel, 
and is itself governed by the size of the describing circle ; thus 
with a larger circle g, the point of intersection would have been 
at iy and in that case the wear would have been distributed over 
the reduced distance ij, or about one-third of the distance t v. 
In some cases this is reduced to a point, and the wear-and-tear 
becomes excessive : this is the case in Fig. 1, with the teeth of 
the rack below pitch; for the describing circle being one of 
infinite radius, it coincides with the straight pitch-line, and 
the teeth are in contact at A. C. D. F. While the wear on the 
point of the tooth of the pinion is distributed all over the 
surface from D to |>, it is concentrated on the point D of that 
part of the rack-tooth with which it works, and although the 
theoretical action is perfect, the teeth of the rack would suffer 
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and very qnickly change their form by excessive grinding 
wear. 

(29.) To show how this may be altered by a change in the 
size of describing circle : say we take the circle a a, by which 
the point of the rack-tooth was drawn, and cause it to roll from 
a' to h' when it draws the hollow epicycloidal curve A . c\ which 
will be the new form of the tooth of the rack below pitch. The 
same describing circle rolling on the pitch-line of the pinion will 
draw the curve d' e\ giving the form of the tooth of the pinion 
above pitch. The line of contact, instead of being along the 
straight pitch-line as before, will now be along the describing 
circle G ./', contact will cease at/', where the describing circle 
and the point of the pinion tooth intersect, and the wear is dis- 
tributed over the surface from /' to h! or from A to Jk' instead of 
being concentrated on a mere point as in the former case. 

(30.) " Form as affecting ike Power of the F^eZ."— Other 
things being equal, the power which a wheel can transmit de- 
pends on the number of teeth in gear at one time, and as the arc 
during which contact lasts and consequently the number of 
teeth in contact depends on the size of the describing circle, 
this is another important practical point for consideration in 
selecting the size of the circle to be used in any particular case. 
Eeferring again to Fig. 1, with the circle a ,a^ the arc of 
contact is G . V ., but with a larger circle ^, it is G ./ ., and if the 
pinion had been one of fine pitch, the result would have been 
that a greater number of teeth would have been in gear at the 
same time. This will also be shown by Fig. 7, in which 
with the small describing circle a the teeth part contact at the 
point V, but if the pinion had been of larger diameter, a larger 
describing circle might have been used, say ^, and in that case 
the teeth would have remained in contact to the point x and the 
arc u . X being double the arc u . v the wheels would have been 
stronger in about the same proportion. In Fig. 1 the effect of 
using the small circle a ,a, instead of the circle of infinite 
radius, is to reduce the distance in contact from G. A to G. A', &c. 
But while a small circle thus reduces the number of teeth in 
contact and thereby the power of the wheel, another effect is to 
form a stronger tooth, or one having a greater thickness at the 
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root. The general effect of reducing the size of the describing 
circle is, Ist, to diminish the arc or number of teeth in gear at 
once, and thereby diminish the power of the wheel ; 2nd, to 
increase the thickness of the tooth at the base and thereby 
increase the power of the wheel ; and 8rd, to increase the 
wearing surface and the durability of the wheel. The relative 
amount of each of these can only be determined by trial in 
each case. 

(31.) " The form of Teeth to match those of an Old Wheel"— It 
frequently happens in practice, that a new wheel has to be made 
to work with an old one whose teeth are of unusual or irregular 
form. In such a case, the teeth of the new wheel may be 
accurately adapted to the old ones by the application of the 
principles already explained, (21). To do this, a few teeth of 
the old wheel should be taken accurately by a sharp pencil or 
steel scriber on a clean board held against them, &c., and the 
pitch-circle may be added by the tranmiel. A wooden templet 
as at a. Fig. 2, is laid upon it, and another having an assumed 
radius, as a describing circle is rolled upon it, and it is observed 
how far a mark or point in its circumference will draw a curve 
coinciding with the actual form of the old tooth. In all pro- 
bability the size of the describing circle first assumed will not 
draw the required curve correctly, but it will easily be seen 
whether it is too large or too small, and another size must be 
tried until the coincidence is sufficiently near to satisfy the 
judgment of the operator. Supposing that this has been done 
for the part of the tooth above pitch-line in the old wheel, the 
describing circle so found will draw correctly the tooth of the 
new wheel helouj pitch-line. Then using a concave or female 
templet as at d, Fig. 2, we may find by trial in the same way, 
a diameter of describing circle that will draw a curve approxi- 
mating to the form of the old tooth below pitch-line, which may 
then be applied for drawing the tooth of the new wheel above 
pitch-line, &c. 

(32.) The process of forming the teeth by rolling circles is 
laborious, but it is followed by our best engineers ; of course by 
giving plenty of clearance, and paring away the points of the 
teeth, wheels with any form of teeth may be made to work 
somehow, but where good work is desired it can only be attained 
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by attention to correct principles and the expenditnre of time» 
care, and labour. Professor Willis has endeavoured to reduce 
the labour by the use of his '* Odontograph " which gives by 
simple curves an approximation to the epicycloidal form drawn 
by a small standard describing circle, and having therefore the 
disadvantages which we have shown to belong thereto. 

(33.) A careful draftsman may avoid the trouble of making 
wooden templets altogether by using a paper one in the fol- 
lowing manner : say we take the case of the wheel I, Fig. 2 ; 
part of the pitch-circle being drawn on the paper to the full 
size is divided into equal spaces at . 1 . 2 . 3 . 4, &c., &c., say 
an inch apart, more or less, and the same spaces are set off 
along the edge of the templet cut out of drawing-paper to the 
radius of the describing circle Y. Then the templet is applied 
to the pitch-circle, the divisions on its edge being made care- 
fully to coincide with the divisions on the pitch-line, and at 
each junction, a mark is made with a sharp pencil opposite the 
division on the templet. Thus when the two Nos. 1 are in 
contact a mark is made at 1', when the two Nos. 2 are in con- 
tact the mark is at 2', &c., &c., and in this way we get a series of 
points through which the curve may be drawn by hand, or from 
which a radius may be found for drawing the curve approxi- 
mately with the compasses. 

(34.) " Involute Teeth" — The involute is a curve formed by 
the end of a cord unwinding from the circumference of a circle, 
and the teeth thus formed have one very valuable property 
which epicycloidal and other forms of teeth do not possess, 
namely, that the distance of centres of a pair of wheels may be 
varied so that the teeth are more or less deeply in gear without 
affecting the regularity of the motion, or the perfect working of 
the teeth. With epicycloidal teeth the distance of centres must 
be strictly preserved, and where this can be done, which is the 
case in most instances, that form of teeth is the best ; but with 
crushing rolls, &c., &c., the distance of centres must be allowed 
to vary, and in such cases the peculiar property of the involute 
teeth renders them superior to any other. 

(35.) Let W and P in Fig. 11 be the imaginary pitch-circles 
for a pair of wheels touching at the point A; having determined 
the proper length of the cog below pitch, set that distance off 



24 WHEELS — INVOLUTE TEETH. 

from A to B on the larger wheel of the pair, and with the 
radius C . B draw the circle D . B . E ., which will be the 
generating circle from which the involute forming the teeth in 
that wheel is to be drawn. Draw the line A . H . forming a 
tangent to the circle D . E at H, prolong it to J, and draw the 
circle E . L ., touching that line at M, and that circle will be 
the generating circle of the involute forming the teeth of the 
pinion P. A string unwinding from the circle D . E . will draw 
the involute curve /./, and similarly unwinding from the 
circle K . L . will draw the involute B . S forming the tooth 
of the pinion. It will answer the same purpose if a straight- 
edge be made to revolve against the same generating circles, a 
point in its edge will draw the same involute curves. The 
trouble of making templets of the generating circles may be 
avoided by making equal and corresponding divisions on the 
straight-edge and generating circles as explained in (83). The 
length of the tooth t . u should not exceed the distance L . P ., 
and similarly the length v, x . must not exceed the distance 
E . W . ; they may, of course, be as much shorter than that as 
may be thought proper. 

(36.) It will be observed, that with involute teeth, the curve 
is a continuous one from base to point. The line of contact, 
and the direction of the pressure of the teeth on each other, ia^ 
in the straight line H . A . J, which in small wheels, at least, is 
very oblique to the direction of motion : this causes a great 
pressure on th« axes, tending to separate the wheels, and re- 
sulting in considerable extra friction on the bearings, and con- 
sequent loss of power. This is the great objection to the 
involute teeth, and for this reason they should seldom be used, 
except in cases where the distance of centres is variable, when 
no other form of teeth will work correctly. It should also be 
observed that the thickness of the teeth should be regulated, 
so as to be equal at their hoses, and will in most cases be 
unequal to the pitch-line, as in Fig. 11. 

(37.) " Teeth of Bevelwheels^—The teeth of bevel-wheels 
must be drawn on the same principles as those of spur-wheele^ 
the only important difference being, that the projected diameters, 
and not the real ones, must be taken. Let A ., in Fig. 12, be & 
bevel-wheel, and B . its pinion, say with 54 and 22 teetb 
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respectively, 2 J inches pitch, & inches wide on the face of 
teeth, &c. It is evident that all bevel-wheels have a maximum 
and a minimum diameter, for instance in our case they are 
A . a and B . h respectively ; the reputed diameters are always 
the maximum ones, and thus we find the diameters by coL 3 
of Table 5, to be '7968 X 64 = 40 inches in the wheel, and 
•7968 X 22 = 17 '6 inches in the pinion. These diameters 
must be drawn upon the board, as in Fig. 12, and the line F . G . 
drawn through their intersection at D. The line D . E . is 
perpendicular to the line F . G ., and may be drawn by taking 
any convenient radius, and striking off right and left from the 
point D, the arcs m. ra., and from them as centres drawing other 
arcs o. p, and v. 8. Then through their intersections the line 
C . D . E . may be drawn, intersecting the centre lines of the 
wheels at C and E. Now the projected radii E . D . and CD. 
are to be taken in drawing the teeth, the projected pitch-line of 
the teeth of the wheel being D . a, drawn from the centre E, 
and that of the pinion being D . /, drawn from the centre 0. 
The whole may then be dealt with precisely as if they were 
spm*-wheels of the new and projected diameters. All the lines 
of the teeth, both in length and thickness, radiate from the 
centre F. 

ON THE GENERAL PROPORTIONS OF WHEELS, &C. 

(38.) " Length of Teeth."— The length of teeth, and the pro- 
portions of wheels, are matters for judgment, experience, and 
taste. Table 6 gives some of the proportions for the teeth 
of wheels. Table 6 the proportions of the arms, and Plate 4 
gives many particulars in a form more direct and useful for 
practical men, by scales which may be engraved on the back of 
the common slide-rule, or they may be collected on a pocket- 
rule specially devoted to them : they then can be applied direct 
to the work in hand ; their use in practice will be illustrat<ed as 
we proceed ; but it may be stated that the pitch of the wheel on 
the different scales, taken in the compasses or by a rule, gives 
the required dimension direct. 

With iron-and-iron-toothed wheels, the length of tooth above 
pitch may he jp X * 344 = Z, and below pitch (p x ' 344) -f- 

( Vp X * 125) = L. This gives the clearance between the poin 
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of the tooth of one wheel, and the hase of its fellow = V^ x * 125, 
which is equal to ^ inch in a wheel 4 inches pitch, and | inch 
in a wheel of 1 inch pitch, &c. : a wheel 4 inches pitch has thus 
a tooth 8 inches long, or If above pitch, and If beloW pitch. 
See cols. 4, 5, and 6, in Table 5, and the scale E in Plate 4. 

(39.) The teeth of mortise- wheels are commonly made much 
shorter than those which work iron with iron ; the reason being 
that the wooden-cog has to be made much thicker than its iron 
fellow, in order to obtain the requisite strength, and the iron 
one would be excessively weak with the length ordinarily used 
for iron-toothed wheels. In mortise-wheels, the length of the 
wooden-cog and its iron fellow, above pitch, may be jp X '25, the 

clearance at the end of the tooth may be Vp X * 125 as in iron 

wheels, and the lengtll below pitch (p X * 25) +(^1) X ' 125) = L. 
Thus a mortise-wheel, 4 inches pitch, will have 2^ inches for 
the total length of tooth, or 1 inch above pitch, and 1:^ inch 
below pitch, &c., as per cols. 9, 10, and 11, in Table 5, and 
the scale G in Plate 4. 

(40.) " Thickness of Teeth."-— Taking first, the case of iron- 
toothed wheels working together with rough surfaces, as taken 
from the foundry, we must allow a certain clearance between 
tooth and tooth for errors of workmanship, and other irregu- 
larities. The amount of clearance may be taken at V|> -f- 10 
which gives y^th of an inch with 1 inch pitch, and -^ths of an inch 



4-#)x 



with 4 inches pitch, &c. : hence we have < = ( p -~ 1 X * 5, 

and a wheel 4 inches pitch will have a tooth (4 — • 2) x ' 5 = 1 ' 9 
inch thick, &c., as in col. 7 of Table 5, and the scale D in 
Plate 4. 

With mortise-wheels clearance is unnecessary, the wooden- 
cog and its iron fellow being usually pitched and trimmed, 
or shaped accurately by hand. The thickness generally adopted 
as the dictum of experience, is -j^ths the pitch for the wood-cog, 
and T^ths the pitch for the iron fellow. See cols. 12 and 13 in 
Table 5, and the scale B in Plate 4. 

(41.) " Width on Face of Teeth"— The width of face in a 
wheel is arbitrary, but as a matter of taste there should be a 
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certain proportion between tbe pitch and the width. A common 
proportion is to make the width 2^ times the pitch, but this 
makes a wheel of small pitch too wide, and one of large pitch 
too narrow, in the judgment of most practical men. A better 
proportion will be given by the mle : — 

w = jp^ X 1'8-r- Vi? 

In which jp = the pitch and w = the width in inches ; col. 2 
of Table 5 has been calculated by this rule. 

The same proportions will apply to mortise-wheels; the 
mortise which receives the shank of the wooden-cog may be 
about ^ inch narrower than the face of the cog, thus leaving 
^ inch for shoulder at each end. 

The thickness of metal at the end of the mortise t* will be 
given by the rule : — 



<' = (i>+ Vp)-T-4: 



Col. 14 of Table 5 has been calculated by this rule, also the 
scale C in Plate 4 ; thus a wheel 2 inches pitch, and 5^ inches 
wide on the face, would have a mortise 6 inches wide, and 
the thickness of metal at each end being '853, or say f inch, 
the total width would be 6f inches. 

The thickness or depth of rim T, Fig. 9, in mortise-wheels is 
usually made equal to the pitch, but a better proportion is 
given by the rule j? -J- • 25 = T, as in col. 16 of Table 5. For 
really good work the face of the casting should be rough turned 
before the teeth are fitted in ; the expense of turning is nearly 
compensated by the saving of time and labour in fitting the cogs. 

With iron-toothed wheels the thickness of the rim t. Fig. 7, 
is the same as the thickness of the tooth ; the depth of the rib 
E. projecting inside the rim is two-thirds the pitch as given by 
the scale F in Plate 4. 

(42.) " Strength of Wheel-^nm," — The number of arms to a 
wheel is to a great extent arbitrary, and is a matter to be 
decided by judgment and taste. 

The breadth of the arm at the point will be given by the 
empirical rule : — 
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In which jp = the pitch and w = the width of the wheel on the 
face in inches, N = the number of pinions to be driven by the 
wheel ; A = the number of arms ; and B = the breadth of the 
arm at the point in inches. Table 6 has been calculated by 
this rule. 

This rule is based on the assumption, that the thickness of the 
main rib of the arm, for wheels with one pinion, is proportional 
to the pitch simply as in the second column of Table 6, but 
that where there are two or more pinions, and it becomes ne- 
cessary to increase the strength of the arms by increasing their 
breadth, the thickness shall also be increased in the same 
proportion. This increase of thickness is necessary in order to 
avoid breadths that would otherwise be enormous and un- 
sightly ; for instance, the wheel Fig. 7, has a breadth of arm 
= 6f inches for one pinion, and its thickness by Table 6 would 
be If inch ; now if that thickness were maintained, we should 
require with four pinions, and consequently for four times the 
power (71), an arm double the former breadth, or 6f x 2 = 
13^ inches. By the rule we obtain the breadth (7*34: X 3*5 X 

10 X V^-r-^) a/ =^^ inches, but the thickness in that case 
must be increased from 1|- to If x 9^ -7- 6f = 2^ inches. 

This rule also supposes that every pinion carries the full 
power of the wheel, see (71) ; if a wheel driving one pinion has 
a power of 25-horse, then with two, three, and four pinions the 
power would be 60, 75, and lOO-horse respectively. Thus, 
with four pinions the strength of the wheel, so far as the teeth 
are concerned, would be '25 horse-power, as calculated by the 
rules, but the strength of the arms should be equal to lOO-horse, 
namely, the power of the four pinions, or that of the steam- 
engine or other motor. 

(43.) The ratios of the breadths and thicknesses are both 
proportional to the fourth root of the number of pinions or 

VN, hence with 

12 3 4 5 6 

pinions, we have the ratios 

1 1-188 1-316 1-414 1-500 1-565 

These ratios may be used with Table 6 for finding the breadths 
and thicknesses of arms for wheels with more than one pinion*; 
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thns, a wheel 2 inches pitch, 6 inches wide, with six arms and 
one pinion, requires by that table, an arm 3^ inches wide at the 
point and -ff inch thick ; then with three pinions we require a 
breadth of 3*5 X 1*316 = 4*6 or 4f inches, and a thickness of 
•9875 X 1-316 = 1*23, or 1^ inch, &c. 

When, in order to avoid excessive wear-and-tear, intermediate 
sizes are adopted for the wheels, as suggested in (72), the 
question of the strength of the arms becomes complicated, and 
the best course is to calculate the proper sizes for a wheel to 
carry the power with one pinion, the sizes of the arm for which 
as given by Table 6, or by the rules in (42), will be correct for 
the given power of the engine with any number of pinions. An 
illustration of this method of calculating the strength of arms 
in special cases is given in (78). 

When a wheel is required to be in halves for convenience in 
fixing or carriage, &c., the breadth of half the double arm 0, 
in Fig. 7, would be the same as the common arm of a wheel of 
half the width of face, or in our case 5 inches wide, which by 
Table 6 is 4f inches wide. The table gives the breadth of arm 
for wheels with six arms only, other cases must be calculated by 
the rule. 

The breadth of arm increases as it approaches the centre; 
the amount of taper may be for large wheels about ^ inch per 
foot in length, or ^ inch on each side of the arm ; with small 
wheels it may be f inch per foot or f inch on each side. 

The thickness of the main rib B of the arm Fig. 8 should be 
equal to the thickness of the iron tooth, and the thickness of 
the cross ribs d may be one-fourth the pitch. 

(44.) " Strength of Metal round the Eye,'* — The thickness of 
metal in the boss of a wheel round the eye will be given by the 

^^'— T = (px7-f-9) + (*125xD) 

In which p = the pitch in inches, D = the diameter of the 
wheel in feet, and T = the thickness of metal round the eye 
in inches. The scale A in Plate 4 is obtained by this rule ; 
thus for the wheel Fig. 7, measuring with a rule from 8^ inches 
pitch on one side of the scale, to 6 feet diameter on the other 
side, we find the required thickness to be 8f inches ; if this 
wheel had been 10 feet diameter, the thickness would have 
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been 3} inches; or with 15 feet diameter, 4^ inches, &c., &o. 
The proper proportions of the key and the key-boss, for 
strengthening the key-way, are given in Chapter Y. 

(45.) As a general illastration of the application of the pre- 
ceding rules, we have in Fig. 7 a wheel of sixty-four teeth, 
working with one pinion of twenty teeth, 3} inches pitch, &c. 
The diameters will be found by the rule in (17), &c. : if we 
determine that the teeth of the pinion below pitch shall be 
radial, then a . a will be the diameter of the describing circle, 
being half the diameter of the pitch-circle b. This circle rolling 
from c to e, will draw the form of the tooth of the wheel /./. 
The teeth of the wheel below pitch may be drawn by the circle 
g, whose diameter is arbitrary, and the same circle rolling from 
h to h, will draw the curve m . m which is the form of pinion 
tooth above pitch-line. If the large wheel had been a mortise 
one as at Fig. 9, then the teeth below pitch being radial, we 
must have taken the circle n half the diameter of the wheel 
instead of g, and the same circle must have been used instead of 
h . k for drawing the teeth of the pinion above pitch. 

The arm D illustrates the best mode of bolting together a 
wheel that has to be made in halves. The main bolts £, two in 
number, on each side of the boss, should be placed as near the 
shaft as possible, and to effect that purpose, the arm must have 
deep bosses as shown : the bolts at F having less strain on them 
may be of smaller diameter, and should be as near the rim as 
possible. The wheel has in this case been divided in casting by 
the plate G, but better work is secured by planing the two 
halves and fitting them together thoroughly. 
• (46.) « Weight of WheeU:'— The weight of wheels can be 
accurately determined only by the number of cubic inches of 
metal they contain, which multiplied by * 2556 gives the weight 
in pounds. But this is very laborious, and as in many cases 
an approximation to the true weight is suf&cient for prac- 
tical purposes, we may give the following rule for finding it : — 

W = |Dxi?X w)+(Vr)xi>Xtr| X M" 

In which D = diameter at the pitch-line in feet, p = pitch in 
inches, w = width on the face in inches, W = weight in pounds, 
and M'' = a multiplier which varies with tie kind of wheel, 
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but its meftn value may be taken at 13 for spur-mortise-wLoels ; 
12 for iron-toothed spur-wheels ; 11 for bevel-mortise- wheels ; 
and 10 for iron-toothed bevel- wheels. Thus, an iron-toothed ^pur- 
wheel 6 feet diameter, 3 inches pitch, and 8 inches wide, would 

weigh about je x 3 x 8) + (V6x3 x 8l x 12 = 1872 lbs., 

or 16| cwt. The actual weight of wheels and the corresponding 
values of M" are given by Table 7, and the weights of wheels 
as calculated by the rule are given by Table 8; as these are 
only approximate weights it will be prudent to allow a little 
for contingencies where the maximum weight is desired. 

Table 7. — Of the Actual Weight of Wheel-cabtlnqs. 



Diameter 

at the 
Pit^h-Une. 


Pitch. 


Width. 


Weight. 


Value of 
M." 


Kind of Whekl. 


ft. in. 
6 7 


inches. 
3* 


inches. 
9i 


cwt. 
21 


qrs. lbs. 
2 2 


11-7 


Iron-toothed spur-wheels. 


4 4.^ 


2i 


7 


9 


3 4 


11-7 


»» « 


4 4i 


2 


5 


5 


2 14 


12-6 


»» »f 


8 lOf 


2} 


7 


8 


2 16 


11-66 


»» »♦ 


2 8^ 


2 


H 


3 


10 


11-6 


« >• 


2 3 


i; 


3 


1 


1 10 


11-6 


j» >» 


2 1 


i 


H 





1 23 


11-54 


*j »> 


4 8| 


»} 


9 


12 


3 2 


9-84 


Wood-toothed spur-wheels. 


8 


2} 


7 


18 


1 


12-3 


»» » 


6 4 


3iV 


12J 


27 


1 17 


10-8 


Iron-toothed bevel-wheels. 


3 llf 


3* 


9i 


11 





9-74 


» »» 


1 8 


H 


2i 





2 24 


9-0 


»> >» 


1 2i 


1| 


2i 





2 3 


9-6 


»» » 


7 Gf 


8iV 


12|- 


32 


3 3 


11-96 


Wood-toothed bevel-wheels. 


4 5f 


H 


9 


11 


3 


9-54 


9) n 



(47.) " Contraction of Wheels in Casting^ — The contraction 
which metals experience in cooling down from their melting- 
points to ordinary temperatures is very considerable, and al- 
lowance has to be made for it in fixing the size of the pattern. 
The contraction of straight bars, such as girders, &c., is tolerably 
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Table 8. — Of the Approximate Weight of Wheel-castings. 



DXpXw. 


Spar-wheelfl. 


Bevel-wheels. 


DXJ>X«>. 


Spur-wheels. 


Bevel-wheels. 


Iron. 


Mortise. 


Iron. 


Mortise. 


Iron. 


Mortise. 


Iron. 


Mortise. 


5 


cwts. 
•78 


cwts. 
•84 


cwts. 
•64 


cwts. 
•72 


150 


cwts. 
17-5 


cwts. 
19-0 


cwts. 
14-6 


cwts. 
161 


10 


1-4 


1-5 


1-2 


1-3 


160 


18-7 


20^3 


15-6 


171 


15 


2-0 


2-2 


1^7 


1-8 


170 


198 


21-4 


16-5 


18-1 


20 


2-6 


2-8 


2-2 


2-4 


180 


21-0 


22-7 


17-5 


19-2 


25 


3-2 


3-5 


2-7 


3-0 


190 


22-0 


23-8 


18^4 


20-2 


SO 


3-8 


41 


3-2 


3-5 


200 


231 


25 


19-3 


21-2 


40 


50 


5-4 


41 


4-6 


210 


24-3 


26-3 


20-3 


22-3 


50 


6 1 


6-6 


6-1 


5^6 


220 


25-4 


27-5 


21-2 


23-3 


60 


7-3 


7^9 


6-0 


6-7 


230 


26^6 


28-7 


22-1 


24-3 


70 


8-4 


9-1 


7-0 


7-7 


240 


27-7 


30-0 


23-0 


25-3 


80 


9-5 


10-4 


7-9 


8^7 


250 


28-7 


31-1 


23-9 


26-3 


90 


10-7 


11-7 


9-0 


9-9 


260 


29-8 


32-3 


24-8 


27-3 


100 


11-9 


12-9 


9-9 


10-9 


270 


30 9 


83-5 


25-7 


28-3 


110 


131 


14- 1 


10-9 


120 


280 


32- 1 


34-7 


26-7 


29-4 


120 


14-2 


15-3 


11-8 


130 


290 


33-2 


35-9 


27*6 


30-4 


130 


15-2 


16-5 


12-8 


14^0 


300 


34-2 


37^1 


28^5 


31-4 


140 


16-4 


17-8 


13-7 


151 


310 


35-4 


38-4 


29-5 


32-5 



regular, and in the case of cast iron it is very nearly ^ inch to 
a foot; bnt with wheels it is not so mnch, and is found by 
experience to be irregular and anomalous. This is shown by 
Table 9 from the author's * Treatise on Heat.' 

The irregularities in the apparent contraction arise in great 
part from the practice of '' rapping " the pattern in the sand to 
make it an easy fit and enable it to be drawn out with facility. 
This is most influential in the case of small, heavy wheels of 
great width on the face ; in some cases, and in rough hands, the 
casting of a small and wide pinion may be quite the full size of 
the pattern. The allowance to be made is therefore not uni- 
form, but must be fixed by judgment ; for wheels of ordinary 
sizes and proportions, ^ inch to a foot is a good practical rule. 
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TaBLB 0.— Of the EXWCRIMKNTAL OONTBACTION of CaBT-IBOH 

Spur-wheels in Casting. 





Pltdtln 
Inches. 


Width of 

Teeth In 

Inches. 


OOHTRAOTIOV. 


Extieme 

Diameter of 

Wbeel<a8ting. 


Total in 
Inches. 


Per Foot. 


Of Canting. 


Of Pattern. 


ft. In. 
10 2i 

6 2A 
6 1| 
S 5A 
2 Hi 

2 m 


^ 


12 
9 
11 
11 
12 
9 


1-08 
•54 
•875 
•845 
-11 
•115 


inches. 
•1059 

•0893 

•0613 

•0631 

•03896 

•0397 


inches. 
•1040 

•0886 

•0610 

•0628 

•03884 

•0396 



ON THE POWEB WHIOH WHEELS ABB GAPABLB OF CABBTINO. 

In considering the question of the strength of wheels, it is 
necessary to divide the subject into two parts ; 1st, the absolute 
strength of the teeth to resist a statical or dead load, as in 
the case of the main wheel of a crane, or the rack and pinion of 
a sluice-gate ; and 2nd, the strength of wheels in motion as in 
ordinary mill-gearing, where the force to be dealt with is a 
dynamic strain, or a force in motion. The laws governing the 
strength under these two conditions, differ entirely from each 
other. 

(48.) " Ahaolute Strength for Dead Load:'— The tooth of a 
wheel may be regarded as a cantilever loaded at the end with 
so many pounds, Fig. 48, and its strength may be calculated by 
the ordinary rules for the strength of beams. Let Fig. 4 be 
the tooth of a wheel 3 inches pitch, which is made strong at 
the base by using a small describing circle (30), and let the 
width on the face be 10 inches. Evidently, we have a canti- 
lever 2 inches deep, 10 inches wide, and 2^28 inches long, fixed 
at one end and loaded at the other. A bar of cast iron 1 inch 
square and 1 inch long, breaks with 6000 lbs. at one end ; 
hence in our case we have 2^ x 10 X 6000 -r 2 • 28 = 105,300 lbs. 
breaking weight. 
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(49.) For a crane or similar case, where life or limb is 
jeopardized by failure, the working load should not exceed y\yth 
of the breaking strain, or in our case 10,530 lbs. for the wheel 
10 inches wide, or 1053 lbs. per inch width on the face : this is 
the strength of one tooth only. 

Eeasoning from this for other pitches, we shall observe that 
the length of the tooth and its thickness at the root are pro- 
portional to the pitch, or very nearly so, and the strength being 
as the thickness squared divided by the length, it follows that 
with the same width in all cases, the strength is in the simple 
proportion to the pitch : with pitches 1, 2, 3 inches the 
strengths will be in the ratio 1, 2, 8 also. Thus in Fig. 48 we 
have three cantilevers, the depths, lengths, and strains being all 
in the same ratio 1, 2, 3. 

This result does not accord with practical instinct on the 
matter, partly no doubt from the fact that the width on the face 
is usually increased in simple proportion to the pitch, or in 
a yet higher ratio than that, see (41) : thus with wheels 1, 2, 
Sy 4 inches pitch, if the widths are If, 5^, 9^, and 14^ inches 
respectively, the strengths are no longer as the pitch simply or 
1, z, 8, 4, but become If, 10^, 27f , and 58, or in the ratios 1, 6, 
10^ and 33 nearly. 

(50.) With fair-sized pinions we may always ensure that two 
te6th at least shall be in gear at once, especially when those 
teeth are formed on correct principles, but in crane- work very 
small pinions are often used, and then possibly only one tooth 
will be engaged at once. Admitting this, the absolute strength 
for a dead load will be given by the rule : — 

W = jp X vj X 350 

In which W = the safe weight on one tooth in pounds; jp = the 
pitch, and w = the width, both in inches ; thus for the tooth we 
considered in (48) 3 inches pitch, 10 inches wide, we obtain 
3 X 10 X 350 = 10,500 lbs. safe load for one tooth, or 21,000 lbs. 
with two teeth. 

(51.) " Effect of Shrouding.*' — The effect of shrouding a wheel 
up to the pitch-line as in Fig. 5, is to reduce the effective length 
of the tooth as a cantilever and thereby increase the breaking 

D 2 
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weight. The amonnt of this increase will vary with the form 
of the tooth to which it is applied. Taking first the case of a 
tooth of uniform thickness from the pitch-line to the root, as in 
Fig. 5, we shall observe that the depth of the cantilever is the 
same whether it breaks at the root or at the pitch-line, or 
anywhere between those two points. If the line of fracture 
coincided of necessity with the face of the shrouding or the 
pitch-line, the acting length of the cantilever would be reduced 
from 2*28 to 1*032 inch, and the strength would be pro- 
portionately increased, or more than doubled. But the line of 
fracture woiild most likely follow the irregular line a a, and the 
length may be taken at a mean between the two or (1 * 032 -|- 2 * 28) 
-7- 2 = 1 * 65 inch instead of 2 * 28 inches ; hence the ratio is 
2 * 28 -r- 1 • 65 = 1 * 38 to 1, or say 38 per cent, increase. 

(52.) But if we apply this reasoning to a tooth of the form 
Fig. 4 we shall observe that the depth of the cantilever varies 
from 2 inches at the base to 1 * 414 inch at the pitch-line : if 
we take the mean thickness at (2 + 1*^14) -r- 2 = 1*707, and 
the mean length as found before being 1 • 65, we have d^-r-l vol 
our case 1 * 707^ -f. 1 • 65 = 1 * 766, which is almost precisely the 
strength of the unshrouded tooth, which was 2^ -r- 2 * 28 = 1 • 755, 
showing that with this form of tooth, shrouding has no effect on 
the strength. The fact is that the form of the tooth Fig. 4 
approximates to the parabola P, with which there would be equal 
strength throughout, that is to say, it would break as easily at 
the pitch-line or elsewhere as at the base, the load being at the 
end as we have assumed. With a tooth exactly of the parabolic 
form it would obviously be useless to attempt to strengthen it 
by shrouding. 

(53.) The special value of shrouding is to strengthen the 
teeth of a small pinion working with a large wheel or with a 
rack ; in such a case, the proper forms of the teeth are such, 
that there is great inequality of strength, the tooth of the large 
wheel being much wider at the base and therefore stronger than 
that of the pinion ; by shrouding the latter, the strengths may 
be equalized. This may be illustrated by Fig. 1 ; the lengths 
of teeth in both rack and pinion are 1|^ inch, but the thickness 
at the base is 1 inch in the rack, and * 7 inch in the pinioni 
hence the relative strengths are 1^ -f- 1 * 875 = * 533 in the 
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former, and 'T^-t- 1'876 = '2613 in the latter, the pinion has 
therefore rather less than half the strength of the wheel. Now, 
by shrouding up to the pitch-line, the mean acting length 
becomes (f -|- 1^) -^ 2 = If , and the mean thickness at that 
point, ('7 + 1) -7- 2= '85, hence the strength comes out 
• 85^ -7- 1 • 375 = ' 525, or practically the same as the rack, 
which we found to be * 533 : the effect of shrouding is to 
double the strength of the pinion in this particular case ; the 
increase is therefore 100 per cent. 

It will be seen from this, that the effect of shrouding varies 
very much with the particular form of the teeth : with teeth 
broad at the base like Fig. 4 it is nothi'ng ; with teeth having 
parallel flanks like Fig. 5 it gives an increase of 38 per cent. ; 
and with radial teeth where the thickness at the root happens to 
be -]^ths that at the pitch-line, it is 100 per cent« 

(54.) When a wheel is shrouded right up to the points of the 
teeth, they cease to act as cantilevers altogether, and must fail 
by direct shearing strain, probably at the pitch-line. Thus, the 
thicknesses of teeth for 1, 2, 3 inches pitch, being * 45, * 93, and 
1*414 inch respectively by col. 7 of Table 5, and the shear- 
ing strain 16,000 lbs. per square inch, we have for teeth one 
inch wide -45 x 16000 = 7200; -93 x 16000 = 14880; and 
1*414 X 16000 = 22,624 lbs. breaking weight respectively, or 
about double the strength of the same teeth unsbrouded, as 
shown by the rule in (50), by which for teeth 1 inch wide we 
obtain 1 x 360 x 10 = 3500 lbs. ; 2 x 350 x 10 = 7000 ; and 
3 X 350 X 10 = 10,500 lbs. breaking weight respectively. This 
increase, it will be observed, applies to the strong form of tooth, 
Fig. 4, which we found to be unaffected by shrouding up to the 
pitch-line; with weaker forms it would be proportionately 
greater; but the increase thus obtained is useless in many 
cases, for obviously only one wheel of a pair can be shrouded 
up to the points of the teeth, the other must of necessity be 
unshrouded, and the strength of the pair is determined by that 
of the weakest. 

(55.) "Absolute Strength of Wood-cogs" — The transverse 
strength of hornbeam, the wood commonly used for mortise- 
wheels, is about three-tenths that of cast iron (48), or 1800 lbs. 
for a bar 1 inch square, 1 inch long, fixed at one end, and loaded 
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at the other. For convenience in shaping the cogs, they are 
usually made straight and radial below pitch (19) ; with wheels 
of moderate size this is practically the same as having parallel 
flanks. Now, for say 3 inches pitch. Table 5 gives the thick- 
ness of wood-cog =1*8 inch, and length = 1*716 inch, hence, 
for 10 inches wide, we have 1 • 8^ x 10 X 1800 -4- 1 • 716 = 34,000 
lbs. breaking weight : we found in (48) that the strength of a 
strong iron tooth of the same pitch and width was 105,800 Ibs^ 
hence the ratio of the strength of iron and wood cogs is in this 
case 105300 -r- 34000 = 3* 1 to 1. But with a parallel-flanked 
iron tooth, the thickness by Table 5 being 1*414 inch, the 
strength is 1*4142 x 10 x 6000-^1*716 = 70,000 lbs., and the 
ratio to wooden cogs becomes 70000 -r- 34000 = 2 * 06 to 1. 

We may admit, as a general ratio, that the absolute strength 
of mortise-wheels to sustain a statical strain, or dead load, is 
one-third of the strength of iron-toothed wheels of the same 
pitch and width* 

(56.) " Wheels loith very Slow Speeds" — We may now apply 
these results to wheels in motion, but will first confine ourselves 
to very low velocities for reasons that will presently appear. 
Say then we have a wheel with iron teeth as in Fig. 4, 3 inches 
pitch, 10 inches wide, 3 feet diameter, and only one revolution 
per minute. We found in (50) the safe strain on two teeth to 
be 21,000 lbs. ; the velocity will be 3*14 x 3 = 9*42 feet per 
minute, and the nominal horse-power by (4) being 49,500 foot- 
pounds, we have 21000 x 9 * 42 -f- 49500 = 4 nominal horse- 
power: with mortise-wheels we should have by the ratio in 
(55) 4 -=- 3 = 1 * 33 horse-power. 

(57.) From this we obtain for very slow speeds, the rules : — , 

For iron-and-iron-toothed wheels H = DxRxjpXwx '0445 
For mortise-wheels H = D X R Xi> X w X '01483 

In which D = diameter in feet, p = pitch in inches, w = width 
on face in inches, E = revolutions per minute, and H = nominal 
horse-power. Thus, in the cases we have just considered, we 
have 3xlx3xl0x '0445 = 4 horse-power for the iron- 
toothed wheel, and 3 x 1 X 3 X 10 x -01483 = 1*33 horse- 
power for the mortise. 

(58.) " Wheels toith High Speeds" — We have so far assumed 
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that the velocities were either nothing, or very low, and for 
such cases no doubt the rules are correct ; but if we proceed 
to apply them to high or even moderate velocities, we obtain 
results which do not at all agree with experience ; for instance, 
the wheel in (56) whose strength we calculated to be 4-horse at 
one revolution, and is probably about right at that, would be 
40-horse at ten revolutions, and 400-horse at 100 revolutions, 
which would obviously be excessively too high. 

We found in (49) that for a dead load, the strength of a tooth 
was directly as the square of the thickness at the base, and 
inversely as the length ; the result being that the strength was 
simply and directly as the pitch. But with a force in motion 
the laws of impact show that the strength of beams is directly 
as the length and depth or dxh instead of d^ -f- Z as for dead 
load; thus, when the length and depth increase in the same 
proportion as they do in wheel teeth, for pitches 1, 2, 3, (2 x ^ 
becomes 1 X 1 = 1 ; 2 x 2 = 4; and 3 x 3 = 9 or 1^ 2*, 3^ 
showing that for wheels with high speeds, and therefore sub- 
jected to impact, the strength is as the pitch squared, instead of 
as the pitch simply — as for dead loads. 

(59.) The laws by which the velocity governs the strength of 
wheels are so obscure, that it is perhaps impossible to find rules 
based on purely theoretical principles that will give results at 
all agreeing with experience, and we are compelled to deduce 
empirical rules from wheels working well in practice. Mechanical 
instinct, corrected by experience, has guided our practical mill- 
wrights to a sufficient knowledge of the subject to enable them, 
with more or less success, to fix, by mere judgment, the proper 
proportions of gearing for the work to be done ; it is probable 
that for every wheel whose sizes were fixed by rule, a thousand 
were fixed by judgment alone. Perhaps rules may appear 
unnecessary under such circumstances, but the fine old race of 
millwrights is becoming extinct, and is being succeeded by men 
of higher culture, who have lost much of the instinctive &culty 
as the natural result of increased theoretical knowledge. More- 
over, there are great differences in the judgments of even our 
best engineers, some making their work much stronger than 
others, and indeed much stronger than necessary ; besides, very 
great differences are found in the works of the same man, which 
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can only be accounted for by errors or variations of judgment. 
A rule is therefore necessary, altbougb it be a merely empirical 
one, and has for its basis the very judgment which it is 
intended to guide. 

(60.) Tables 10, 11, and 12, give numerous examples of wheels 
in practice, and from these we obtain the following rule for 
wheels at high and ordinary speeds : — 



H= VDxRXjp^X wx Wl 

In which, D = Diameter of the wheel at pitch-line, in feet. 
p = pitch in inches. 

io = width on the face of teeth, in inches. 
B = Bevolutions per minute. 
H = Nominal horse-power by our standard (4), 
M = Multiplier deduced from cases in practice. 

M, is constant for teeth of the same material ; its mean value 
may be taken at * 043 for iron-and-iron-toothed wheels, and at 
* 05 for wood-toothed, or mortise-wheels. The second cols, in 
Tables 10, 11, 12, have been calculated by these rules, and 
agree moderately well with the actual powers ; for instance, in 
Table 10 the sum of all the actual powers is 1845-horse, and 
of all the calculated powers 1936*3: a difference of only 4*7 
per cent. The examples have a wide range of power, from 1 to 
777-horse, see (69) ; extreme cases are severe tests of empirical 
rules, and as ours agree with those extremes, and also with 
intermediate powers of 100, 200, 300 horse-power, they may be 
regarded as satisfactory. 

The mean value of M for the iron-toothed wheels in Table 10 
is strictly *041, and for the mortise-wheels in Table 11 is 
'0475 : for the latter we have adopted the higher value *05, as 
it agrees better with some of the larger cases in the table, 
which years of successful work have proved to be about correct. 

It is remarkable that at high and moderate speeds mortise- 
wheels should be stronger than iron-toothed ones, as shown by 
the rules and tables ; we have shown (55) that for a dead load, 
or very slow speed, iron teeth have three times the strength of 
wooden cogs. 
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Table 10. — Of the Poweb of Spue-wheels with Ieon Teeth ; 

from Gases in Practice. 



Nominal 
Hone-power. 



Actual Calcalated. 



Revola- 

tiuns 

per 

Minute 



300 

200 

140 

100 

90 

80 

60 

60 

60 

50 

46 

45 

44 

42 

42 

40 

40 

32 

30 

30 

30 

30 

25 

22 

20 

20 

20 

20 

20 

18 

16 

16 

12 

12 

8 

8 

7 

6 

5 

4 

4 

1 



304 




210 




138 




118 




118 




98 




51 


•1 


62 


•4 


47 


•0 


55 


■9 


44 


•8 


41 


•1 


42 


•6 


44 


•5 


45 


■4 


39 


•2 


41 





30 


•0 


29 


•6 


35 


•4 


27 


•4 


26 


•7 


22- 


1 


24 


3 


20 


•6 


18 


-8 


23 





22 





20 


3 


22- 





19- 





15 


8 


12- 


1 


18- 





10" 


4 


8' 


8 


7- 


2 


6- 


5 


5' 


5 


4- 


5 


4- 


2 


1- 


1 



15-8 

19-5 

210 

22-7 

23-8 

22-7 

19-5 

19-5 

31-0 

40-0 

17-5 

20-0 

25-0 

220 

22 

40 

30-8 

19 

24-5 

22 

5-76 
30 
24-5 
13-6 
36' 
15-5 

7-28 
14- 1 
36 
26-6 
60 
32 
34 
47-6 
45 
24 
30 
45 
19 
16-4 
53 
88 



DUmeter 
ofWheeL 



Pitch 

in 
Inches. 



ft. in. 

30 li 

24 5 

22 8^ 

21 

20 

21 
8 
8 

15 4^ 

15 2^ 

12 



5 
4 
5 
4 





P 

5« 



3 lU 

15 6 

8 10 

6 9 

2 9 

3 3 
13 If 

3 10 

5 3 

4 2^ 

6 lOf 
6 8i 

5 9| 

13 4tV 

17 11 
3 6i 
3 0^ 

• 1 7| 
10 

1 ^ 
3 11^ 

3 3^ 

2 1| 

i *^ 

3 lU 

1 7| 
7 



P 

I' 
I' 

p 
It 

I* 

P 
2 

I' 



If 



Width 
on the 
Face. 



inches. 
16 
14 
14 
12 
12 
10 

9 
11 

8 

7 

8 

9 

9 

9 
10 

8 

7 

6 

7 
10 
12 

5 

7 

I^ 

J* 

6 
6 
6 
6 
5 

5i 
2 



Remabks. 



Fairbaim. 



n 
>» 



Bag-engines; broke. 
Made wider ; worked weU. 
Fairbaim. 
Sawing machinery. 
Bouiton and Watt. 
Three-throw pumps. 
Ditto Crystal Palace. 
Hag-engines; paper-milL 
Three-throw pumps. 
Eag-engines; paper-mill* 
Fairbairn. 
Bouiton and Watt. 
Asphalte machinery. 
Sugar-mill. 

Sawing machinery. 
Bag-engines; paper-mill. 
Pumps, Crystal Palace. 
Engineering machinery. 
Three-throw pumps. 

»» 

>» 
Sawing machinery. 
Fairbaim. 
Sawing machinery. 
Three-throw pumps. 
Corn-mill. 
Fairbaim. 
Corn-mill. 
Three-throw pumps. • 

»> 

»» 

»> 

»» 

»» 
American horse-works. 
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When the horse-power is given, and other particulars are 
required, the rule, H = V D x B X p^ X w x fHy becomes: — 

p = V JH-i-(VT5^E xw XM)} 
w= H-^(VDxB Xp'xM) 
R= |H-f-(V^Xi>^Xw XM)}^ 
R'r^{^^Dx^Bxp^Xw) 



Table 11. — Of the Poweb of Spub-mobtise-wheels ; from Gases 

in Practice. 



Nominal 
Hoi8e*power. 


Rerolu- 
tions 

Mknte. 


Pitch 

in 
Inches. 


Diameter 
of Wheel 


Width 
on the 
Face. 


Rekabxi. 


Actual. 


Oalcolated. 












ft. in. 


Inches. 




42 


45 


4 


22 


2i 


18 SJ 


6 


Centrifugal pump. 


30 


26 





24-5 


2i 


17 21 


5 


n 


80 


31 


•7 


45 


2i 


13 lOi 


5 


Papier-maoh^ works. 


25 


24 


•5 


25-5 


2i 


14 ^ 


54 


Gentriftigal pomp. 


22 


18 


•1 


26 


2 


14 10 


4f 


Rope machinery. 


16 


20 


•0 


26 


2i 


13 4^ 


H 


Engineering machinery. 


15 


16 


8 


30 


2 


12 3f 


H 


Agricultural „ 


15 


13 


•8 


25-5 


2i 


3 B^ 


6 


Three-throw pumps. 


12 


14 


•7 


11 


2i 


6 9 


H 


M 


12 


17 


1 


33 


2 


12 3f 


H 


Crape-weaving machinery. 


11 


10 < 


'6 
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2 lOf 
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Three-throw pumps. 


10 


14 


5 


15-2 


2i 


5 111 


6 
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10 


12 
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16 


2i 


5 1| 
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16 


2 


5 li 
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2 


2 11| 
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6 


3 


45 


IJ 


6 H 


3f 


Envelope machinery. 


4 


4 


6 


53 


IJ 


3 


3i 


Three-throw pumps. 
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4 


4 


53 


1| 


1 3| 


3i 
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8 


3 


6 


65 
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8f 


3i 


» 


1 


1-8 


100 


1* 


Si 


H 


Washing machinery 
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(61). To illustrate the application of these rules, say we take 
the first example in Table 10, where we had an iron-toothed wheel 
30 feet 1^ inch diameter, 4 J- inches pitch, 16 inches wide, 15*8 

revolutions; to find V~D X R we have 80*1 x 15-8 = 475*6; 
the square root of which is 21*8; p^ or 4^^ = 20*25, hence to 

find H, the rule H = V~D >< R X » X M becomes 21*8 X 
20*25 X 16 X '048 = 303*7 nominal horse-power. 

AgaiQ, say we require the proper width for a spur-mortise- 
wheel, 6 feet diameter, 3^ inches pitch, to carry 75 horse- 
power with 26 revolutions per minute. Then, for V D x R 
we have 6 x 25 = 160, the square root of which = 12 * 24, and 

p^ or 3i« being 12*25, the rule w = H-7-(VDx R X p^ X fH) 
becomes 75 -f- (12* 24 x 12*25 x '05) = 10 inches, the width 
required. 

Again, say we require the proper pitch for an iron-toothed 
spur-wheel 24^ feet diameter, 19*5 revolutions, 14 inches wide, 

to carry 210 horse-power. Then to find VB x R, we have 
24*5 X 19*5 = 477, the square root of which is 21*84, and 

the rule p- v|H-f-(VDx RX wx M I becomes | 210-f- 

(21*84 X 14 X '043 1^=4 inches, the pitch sought. 

(62.) " OomhincUion of the Bulea" — On comparing the results 
of the rules for very low speeds in (57) with those for high and 
ordinary speeds in (60), it will be found that with each par- 
ticular pitch there is a certain speed, usually a very low one, 
at which they coincide, so that the strength of the wheel at that 
speed may be calculated by either rule with the same result. 
With lower velocities, the rule H = DxRxjpXwX • 0446, 
&o., gives the lowest results : with higher velocities the rule 

H=Vl>xRXi>'XtoxM, gives the lowest ; in either case 
the rule which gives the lowest power should be taken as correct. 
In all ordinary cases, especially with iron-toothed wheels, the 
latter rule, or those in (60), will be correct. Thus, the whole 
of the examples in our three Tables, 10, 11, 12, are governed 
by that rule, and none of them by the rules for low speeds in 
(57). It is very seldom that the velocities met with in practice 
are so low that the strain may be taken as a dead load, see (66), 
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still it is expedient that with very low speeds, the strength 
should be calcnlated by hoih rules, and the lowest result accepted 
as correct. 

(63.) Table 35 has been calculated by combining the rules in 
the manner we have explained; the points where the statical 
laws (57) cease, and ti^e dynamic ones (60) prevail, are indicated 
by a *. This table will greatly facilitate calculations on the 
strength of wheels ; the following examples will illustrate its 
application : we will take the cases in (^1). 

1st. To find the power of a wheel : multiply the diameter of 
the wheel in feet by the revolutions, find the nearest number to 
that in the upper line of Table 35, under which, and opposite 
the given pitch, will be found the horse-power per inch of 
width. Thus, to find the power of an iron-toothed spur-wheel 
80*1 feet diameter, 15*8 revolutions, 4f inches pitch, 16 inches 
wide; we have D x K = 30*1 x 15'8 = 475*5 the nearest 
number to which in the table is 484, under which and opposite 
4^ inches pitch, we find 19*2-horse per inch width on the face 
for iron-toothed wheels ; in our case we have 19*2 X 16 = 307 
horse-power, which is near enough to 303*7-horse, the exact 
power as calculated in (61), to answer most practical purposes. 

2nd. To find the width for a wheel of a given power: 
multiply the diameter in feet by the revolutions, find the nearest 
number thereto in the upper line of the table, under which and 
opposite the given pitch, will be found the horse-power per inch 
of width, dividing the given horse-power by which, we obtain 
the width desired. Thus, to find the proper width for a spur- 
mortise-wheel, 6 feet diameter, 3j inches pitch, 25 revolutions, 
and 75 horse-power ; D x B or 6 x 25 = 150, the nearest 
numbers to which in the table are 144 and 169, under which 
and opposite 3^ inches pitch, are the powers 7 * 3 and 7 * 9 horse- 
power per inch of width ; taking 7*5 as an intermediate number, 
we obtain 75 -J- 7 * 5 = 10 inches width of cog. 

8rd. To find the pitch for a wheel of a given power : divide 
the given horse-power by the given width and we obtain the 
horse-power per inch which the wheel must carry ; then multi- 
ply the diameter in feet by the revolutions, find the nearest 
number thereto in the upper line of the table, under which and 
opposite to theidven horse-power per inch or the nearest number 
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thereto will be found the pitch required. Thus, to find the 
proper pitch for an iron-toothed spur-wheel 24^ feet diameter, 
19*5 revolutions per minute, 14 inches wide, to carry 210 horse- 
power. We have first 210-7-14 = 15 horse-power per inch ; 
then D X B = 24*5 X 19*5 = 478, the nearest number to 
which in the table is 484, looking under which for 15-horse per 
inch, we find 15*l-horse per inch opposite 4 inches, the pitch 
required. 

(64.) " F<yu)er of Beoel-noheels*' — The ruleg and tables for cal- 
culating the strength of spur-wheels, apply to bevel-wheels also 
with certain modifications. Bevel-wheels, as stated in (87), have 
a TWftTinmm and a minimum diameter, and also a maximum and 
TniTiimnnn pitch, and in calculating their power we must not use 
the repuied sizes by which they are commonly known to practical 
men, but must ascertain and use the mean diameter, and the mean 
pitch. The best and easiest method of doing this is by drawing 
the pair of wheels full size, or to scale, and thus find the 
required dimensions by direct measurement. Thus, say, we 
take the case of the wheel A, Fig. 12, with 80 revolutions per 
minute; the maximum diameter is 8 feet 7 inches, but the 
ywiTiinmm diameter a is 2 feet 8 inches only, the mean is there- 
fore 8 feet 1^ inch, or 8*125 feet. Again, the maximum 
pitch is 2^ inches, but the minimum is less than the maximum 
in the ratio of the two diameters 48 and 82 inches, it is 
therefore 2*5 x 82 ^ 48 = 1*86 inch; the mean pitch is 
(2*5 X 1 -86) -r- 2 = 2*18 inches. With these reduced dimen- 
sions the power of the wheel by the rule in (60) comes out 

V 8*125 X 30 X 2*182 X 6 X -048 = 11-8 horse-power. If 
we had erroneously taken the reputed or maximum sizes, the 

power would have come out V8*68 x 80 x 2^^ x 6 X 048 = 
16*7-horse; an error of 42 per cent. Table 12 gives the 
strength of bevel-mortise-wheels &om cases in practice, and will 
also serve to illustrate further, the mode of calcnlation. 

(65.) " Grane-^earing" — The power of men in working a 
winch varies very much in any case with the duration of the 
labour, as shown by Table 4 : in working a crane there are 
usually special circumstances which must be considered. The 



WHBBLS — OBANB-OEABING* 47 

time occupied in raising the load is never more than abont half 
the reputed hours of labour, time being spent in lowering the 
chain for another load, &c., but where the strain on the handle is 
very heavy, and the labour consequently excessive, much longer 
intervals of rest between each load are absolutely necessary. 
For instance, with 24 lbs. at the handle, and a velocity of 
220 feet per minute, a man can work only two hours per day, 
which does not mean that he would work for two hours continu- 
ously and then desist for the day, for no man would bo able to 
do that; he would work say for two minutes and rest eight 
minutes, and during the day of ten hours, he would work two 
hours and rest eight, &c. Table 13 gives the labour of a man 
at a winch with varying power at the handle, &c., which will be 
understood from the explanation we have given, the actual day's 
work being ten hours in all cases, exclusive of the usual meal- 
times, see (15). In ordinary cases, where the time occupied in 
lowering, &c., is half the total time, the man working five hours 
and resting five, the table shows that the power at the handle is 
15 lbs., which may be taken as a standard for ordinary crane- 
work. But in many cases only one or two loads per day have 
to be raised, the men come fresh to the work from other and 
lighter occupations, and about 30 lbs. at the handles may be 
obtained from able-bodied men without difficulty. Where the 
labour is continuous, as in working a mill, &c., 10 or 11 lbs. at 
the handle for ten hours per day is a fair allowance, as shown by 
the table. 

(66.) The speed of crane-wheels is so very low, that we might 
suppose the strength of the teeth throughout the train might be 
calculated by the laws for absolute strength with a dead load 
(48), but the results would not accord with experience, and it 
will be more correct to calculate by the rules for ordinary 
gearing, combining those for a low speed (57) with those for 
ordinary velocities (60) as explained in (62). 

Say that we take the gearing for a 10-ton crane to be worked 
by four men, and shown in outline by Fig. 46 ; in calculating 
the strength of crane-wheels it is expedient to take a maximum 
strength for the men, or that due to short hours of labour, say 
two hours per day, when by Table 13 the strain at the handles 



48 



WHEELS — OBAKE-OEABINO. 



Table 13.— Of the Laboub of a Man at a Winch. 



Duration in Hours. 


Power at 
the Handle. 


Telocity 

in Feet per 

Minute. 


Footipoands 

per 

Minute. 


Day's Wort 


At Work. 


At Best. 


TotaL 


1 


9 


10 


lbs. 

d4 


220 


7467 


foot-pounds. 
448,020 


2 


8 


10 


24 


220 


5280 


633,600 


3 


7 


10 


19-6 


220 


4311 


775,980 


4 


6 


10 


17 


220 


3733 


895,920 


5 


5 


10 


15-2 


220 


3340 


1,002.000 


6 


4 


10 


14-3 


220 


3048 


1,097,280 


8 


2 


10 


12 


220 


2640 


1.267,200 


10 





10 


10-73 


220 , 


2361 


1,416,600 



is 24 lbs., and by Table 4, '16 horse-power, or '16 x 4 = •64- 
horse for the four men. The velocity being 220 feet per minute 
is equal to 27 revolutions with a handle of 16 inches radius. 

Assuming for A, B, diameters of 6 and 30 inches respectively, 
1:1^ inch pitch, 2f inches width ; for C, D, 12 and 48 inches 
diameters, 1^ inch pitch, 3^ inches width ; for E, F, 18 and 72 
inches diameters, 1^ inch pitch, 4^ inches width, we can calculate 
the strains at the pitch-lines, the strength of the wheels, and 
the diameters of the shafts, throughout. 

With 27 revolutions, the power of A by the rules in (60) comes 

out V-5 X 27 X li^ X 2 • 75 X • 043 = • 678-horse, which is 
near enough to • 64-horse, the power required. With 5 • 4 revolu- 
tions becomes Vl X 5-4 x H^ X 3-25 x •043= •73-horse. 
By the same rule the power of E would be V6 x '3375 X If* 
X 4^X '043= •968-horse, but we have here passed beyond the 
limits of the dynamic laws (62), for by the rule for very low 
speeds in (57), the strength comes out 6 x ' 3375 X If X 4^ 
X '0445 = •76-horse only, which is near enough for our 
purpose. 

With 24 X 4 = 96 lbs. at the handles, the strain at the pitch- 
lines of A, B is 96 X 16 -f- 3 = 512 lbs. ; at C, D, 512 x 15 ^ 
6 =c 1280 lbs. ; at E, E, 1280 x 24 -f- 9 = 3420 lbs., which with 
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a barrel 1 foot 9 inches diameter, or say 22 inches at the 
centre of the chain, becomes 3420 X 36 -=- 11 = 11,200 lbs. or 
5 tons on the chain, and with a running pulley as usual, 
doubling the power, we have 10 tons lifted by the four men. 

(67.) The teeth of crane-wheels are usually of the same form 
as those of ordinary gearing, only that the describing circle (30) 
should be small so as to obtain great thickness at the root, and 
consequent strength : the teeth of the small pinion A, will in 
any case be weaker than those of its fellow B, and should be 
strengthened on one or both sides, by shrouding up to the 
points (63), (64). 

For crab-work, and in other cases where the wheels are sub- 
jected to rough usage, and are liable to be broken, <' knuckle- 
gear," Fig. 44, is frequently used with advantage ; they work 
very smoothly, are not very particular as to distance of centres 
or squareness of bearings, and the form is of S9ch extreme 
strength that it is almost impossible to break them. 

(68.) The sizes of the shafts may be found by the rules in (80) ; 

the hand-shaft G should be | • 64 -^ (27 x • 00136 [ ^ = 2 inches 
diameter; the shaft H, i -64-7- (6-4 x '00135 | ^ = 3 inches; 

the shaft J, | -64-7- (1-36 x 00136 \ ^ =4-3 inches diameter. 

The main wheel F should be fixed direct on the barrel by 
suitable lugs and bolts so as to avoid torsional strain on the 
shaft K ; where this cannot be done, the strain with so slow a 
speed as * 3376 or one-third of a revolution per minute may be 
regarded as a dead load of 3420 lbs. acting with a leverage of 
3 feet, namely, the radius of the wheel, and the diameter may 
be found by the rule : — 

d= y(wxL.^70) 

In which to = the safe weight in pounds, acting with a 
leverage L in feet, and d = tiie diameter for a wrought-iron 
shaft. In our case we have (3420 X 3 -i- 70) ^ = 6 J inches 
diameter. 

(69.) " Exertional Cases" — The rules we have given, assume 
that the power driving a wheel is uniform in its action, and that 
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tho work done by a wheel is uniform in its resistance. In ordi« 
nary cases these conditions are fnlfiUed snfficiently well, slight 
variations being covered by the margin of strength allowed for 
snch contingencies in the rules. But in many cases this double- 
sided uniformity is not found ; as an example of variable power 
we may take the case of a marine engine driving a screw-propeller, 
which, having no fly-wheel to equalize the inequalities of action 
of the crank, will exert a very variable power on the shaft, 
namely, in the case of a single cylinder, from nothing at the dead- 
points at the top and bottom of the stroke to 1*57 times the mean 
power of the engine, when the piston is at half-stroke, as explained 
more fully in (76), so that with a single engine of 100 horse- 
power, the strain on the gearing would vary from nothing to 
157 horse-power every half-revolution, and the strength of the 
wheels must be adapted to the maximum power. With two 
cylinders at right angles there would be less inequality ; the 
maximum power would then be Ill-horse, and with three 
engines, the cranks equally dividing the circle = 105-horse. 
This may be illustrated by the gearing of the P. and O. vessel 
* Pera ' by Ronnie, where mortise-wheels in the ratio of two to 
one were used for driving the screw-propeller. The large wheel 
was 14 feet diameter, 4 inches pitch, 48 inches wide on the face 
(in four sets, each 12 inches wide), with an average of 29 revolu- 
tions per minute. The gross indicated power of the engines was 
1400-horse, equal by our standard in (4) to 700 nominal 
horse-power mean; the maximum power would therefore be 
I'll X 700 = 777-horse, and the wheels should be adapted for 
that power. By the rule in (60) the calculated power comes out 
Vl4 X 29 X 16 X 48 X '05 = 773 nominal horse-power. 

(70.) " Variable Work" — The second class of exceptional 
cases are those where, from the nature of the work to be done, 
the machinery is exposed to excessive occasional and momentary 
strains, to meet which the gearing must be made of extra 
strength ; experience alone can determine the amount of extra 
strength required in any particular case. Thus a common 
4-foot millstone grinding four bushels of wheat per hour takes 
4-horse indicated, or say S-horse nominal power (4), but the 
power of the stone pinion, as found necessary by long expe- 
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rience, is as much as 16 ' 6-liorse in some cases (146), in others 
10'36-horse (142) ; if we take 13-horse as the average, we have 
13 — 8 = 10-horse excess of strength to resist the irregular 
surging action to which millstones are subjected. 

Again, with rag-engines, used in paper-mills for grinding 
rags to pulp, a great excess of strength has been found neces- 
sary to resist excessive occasional strains to which they are 
subjected from the nature of the work (89). A common rag- 
engine takes about 6-horse nominal power, but has a pinion of 
31 horse-power (151) ; an excess of 25 horse-power. 

When a number of these extra strong wheels have to be 
driven by one main first-motion wheel, this latter need not be 
equal to the combined power of all the driven ones, for reasons 
given in (88). Many other classes of machinery, such as 
rolling and crushing mills, bone-mills, &c., &c., require wheels 
of extra strength, the amount varying in each particular case, 
and to be determined only by experience. 

(71.) ^^ Power of Wheels toith Several Pinions " — Our rules are 
adapted to the ordinary case of a pair of wheels, or of a wheel 
with one pinion ; where there are two or more pinions the case 
is altered. So fSeu: as the strain on the teeth is concerned, a 
wheel will drive any number of pinions with the same ease as 
one, because each pinion strains a different set of teeth at the 
same particular moment. But obviously the wear-and-tear 
would be greater in proportion to the number of pinions, and 
the durability of the wheel would be affected in the same ratio ; 
the strength of the arms (42) would also be affected by the 
number of pinions. 

Say we have a 40-horse engine with a main wheel driving 
four pinions, each taking 10 horse-power, then each pinion 
should theoretically be of 10 horse-power as calculated by the 
rules, and of necessity the main wheel which drives the four 
would be by the rules of that same power, — 10-horses. Here then 
we have a wheel apparently of 10 horse-power taking the whole 
power of a 40-horse engine ; but the wear-and-tear would 
obviously be four times greater than with the normal case of ono 
pinion. 

(72.) But although this may be quite correct in principle, it 

B 2 
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will be fonnd expedient in practice, in order to avoid excessive 
wear-and-tear, to adopt somewhat larger sizes than are theoreti- 
cally necessary, and this is usually done, as will be shown by 
(151). It is difficult to give a rule for such cases, as the 
question is one of expediency rather than of necessity, and we 
have nothing but judgment to guide us ; the best rule we can 
give is to make the power of the main wheel inversely propor- 
tional to the square root of the number of pinions instead of 
inversely proportional to the number simply. Thus, say we 
have an engine of 100 horse-power with 

1 2 3 4 5 6 

pinions successively ; now by the ordinary ratio, the wheels in 
these six different cases would have to be of 

100 50 38 25 20 17 

horse-power respectively ; but admitting that the power of the 
wheel should be inversely as the square root of the number of 
pinions, we obtain 

100 71 58 50 45 41 

horse-power respectively. 

These ratios may be used for other cases ; thus in (151) we 
had engines of 90 horse-power, and a main wheel driving two 
pinions, hence by the ratio now found, that wheel should be 
calculated for 90 X ' 71 = 64 horse-power ; it was really made. 
73 horse-power, but the whole case was of an exceptional 
character, extra strength being given throughout for reasons 
assigned. Again, for a wheel of 40 horse-power with five pinions, 
we should calculate by the rules for 40 x *^5 = 18 horse- 
power instead of 40 -r- 5 = 8 horse-power ; but the strength of 
the arms should in all cases be adapted to the actual power of 
the engine. 

(73.) The simplest course for finding the proper width and 
thickness of the arms in such a complicated case is to calculate 
the sizes for a wheel with one pinion for 40 horse-power, the 
strength of the arm for which can easily be found by Table 6 
or the rule in (42), and the sizes thus found may be taken as 
correct for a wheel carrying 40 horse-power with any number of 
pinions. For instance, sav that our wheel with five pinions was 
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6 feet diameter, iron-and-iron toothed, and 20 revolutions per 
minute. We have then D x ^ in our case 6 x 20 = 120, the 
nearest number to which in the upper line of Table 35 is 121, 
looking under which, opposite say 3 inches pitch, we find 
4'26-horse per inch width on the face, we therefore require a 
width of 40 ^ 4-26 =9-4 inches. Now by Table 6 a wheel 
3 inches pitch, and 9 * 4 inches wide, should have six arms, each 
5|^ inches wide at the point and If inch thick, and this will be 
correct for our case, on whatever hypothesis the strength of the 
wheel itself may be calculated. On strict theoretical principles 
the wheel would be calculated for 8-horse : then looking under 
121 in Table 36 opposite say If inch pitch, we find 1'45-horse 
per inch, and the width would be 8 4- 1*4:5 = 6J inches, for 
which by Table 6 the arm should be 3^ inches wide by \% inch 
thick. Then by the ratio for five pinions given in (43) we obtain 
8*5 X 1*5 = 5J inches width, and || X 1*5 = IJ thickness, 
the sizes being rather less than those calculated in the other 
way. 



CHAPTEE III. 

ON SHAFTS. 



(74.) " Strength and Stiffness of Shafts** — In calculating the 
proper diameter for a shaft it is necessary to consider, 1st, the 
absolute strength to resist the torsional strain; and 2nd, its 
stiffiiess or torsional elasticity. A shaft may be strong enough 
to resist the torsional strain upon it without twisting asunder, 
but it may be so elastic because of its great length as to be 
wholly tmfit to drive any machinery in which steadiness of 
motion is essential ; or, on the other hand, a shaft may be stiff 
enough to do its work because of its extreme shortness, but its 
strength may not be sufficient to resist the twisting strain. 

It is the more necessary to consider the strength of shafts 
and their stiffness independently, because they follow entirely 
different laws : the torsional strength varies as the cube of the 
diameter and is independent of the length ; but the torsional 
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stifiiiess yaries directly as the fonrth power of the diameter and 
inversely as the length, or d* -f- L* 

(76.) " Torsional Strength.*' — Considering first, the qnestionof 
tlie strength of shafts, irrespective of stiffiiess, we have the rules : 

H = d3xR-^M 
M=:d3xR-T-H 

In which H = nominal horse-power by onr standard (4); 
d = diameter in inches ; and M = a multiplier derived from 
experience, and varying with the material, whether cast or 
wrought iron, &c., and other circumstances. 

In applying these rules to practice, it will be necessary to 
make a distinction between steam-engine crank-shafts and ordi- 
nary ones, and to make the value of M much greater for the 
former. With common shafts the torsional strain is uniform 
and regular throughout the whole revolution, or nearly so, but 
with engine crank-shafts it is most irregular, varying from 
nothing at the dead-points, or when passing the centre at the 
top and bottom of the stroke, to a maximum when at half- 
stroke, when the strain exceeds greatly the mean power of the 
engine. 

(76.) " Steam-engine Crank-shafta" — Let Fig. 18 be the out- 
line of a steam-engine having its piston A say 1 foot diameter 
and 2 feet stroke, with a pressure of 20 lbs. per square inch, and 
let the speed be 40 revolutions per minute ; omitting all con- 
sideration of frifction, &c., let us see what happens in making 
one revolution. The piston moves twice the stroke or 4 feet, 
and the area of 12 inches being 113 square inches, the power 
exerted isll3x4x20 = 9040 foot-pounds, and the strain 
on the crank-pin at J is 113 X 20 = 2260 lbs. But the 
weight B will not be the same as the strain on the crank-pin, 
although the drum C is the same diameter as the crank-path D, , 
because while the piston moves twice the diameter of the crank- 
path, or 4 feet, the weight B ascends once the circumference of the 
same, or3*14x2 = 6*28 feet, and the weight B must be less 
than the strain on A in the ratio of 4 to 6 *28 or 1 to 6 '28 -7- 4 
s 1*57. The power exerted in raising the weight B varies 



SHAFTS — TORSIONAL STRENGTH. 55 

with every position of the crank, at F and G it is nothing, and 
at H and J it is greater than at B in the ratio given. 

The fly-wheel E equalizes these irregularities by absorbing 
the extra power at H and J, and giving it out again at F and G, 
but evidently the crank-shaft K has a greater strain upon it 
than the shaft L in the ratio of 1 * 57 to 1, and must be made 
stronger to resist it, although the horse-power is the same in 
both cases. Thus, with 100-horse engine, the shaft K has to 
bear a maximum strain of 157 horse-power, and if the same 
value of M were used in both cases, its diameter would have to 
be calculated for that power by the rules ; but the usual course 
is to increase the multiplier in the proper ratio. 

(77.) With two engines coupled together by one shaft with 
cranks at a right angle, or 90° as usual, the strain is much less 
variable than with one crank, being 1 to 1*11 instead of 1*57, 
so that a single engine of 100 horse-power would require a 
crank-shaft equal in strength to an ordinary shaft of 157 horse- 
power, but two engines of the combined power of 100 horses 
require a shaft of 111 horse-power only. 

In our case Fig. 18, the strain on tiie piston is 113 x 20 = 
2260 lbs., and the work done in one revolution is 2260 X ^ X 
40 = 861,600 foot-pounds ; the weight B is 2260 -r- 1*57 = 
1440 lbs., and the work done in raising it is 1440 x 6*28 x ^0 
= 361,600 foot-pounds also. 

(78.) The value of M for cast-iron crank-shafts of steam- 
engines may be taken at 400, which is the old multiplier of 
Buchanan, and agrees very well with general practice. Table 14 
gives the particulars of crank-shafts in practice, and shows that 
the value of M varies with different engines by various makers, 
from 398 to 576 for cast iron ; the engines which gave 420 and 
576 for their respective multipliers (or nearly the lowest and 
highest values), were by the same maker. 

Wrought iron being stronger than cast iron for a torsional 
strain in the ratio of 14 to 9, we have 400 x 9 -r- 14 = 260 as 
the value of M for wrought-iron crank-shafts to steam-engines ; 
the value in Table 14 varies from 242 to 864, and were both 
from engines by the same maker. The shafts marked * being 
below 4f inches (79) are affected by the law of elasticity, 
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and in coL 8 are sized by Table 86, in which that law is 
considered. 

With ordinary shafts the valne of M will be lower than for 
^rank-shafts, as we have seen (76) : for cast iron we obtain 
400 -7- 1-57 = 254 ; for wrought iron, 260 ~ 1-57 = 160. 



T ABLE 14. — Of Crank-shapts to Steam-engines ; from Cases in 

Practice. 





Diameter in Inches. 


Revolu- 
tions per 
Minute. 


Value of 
M. 




Nominal 
Horse- 
power. 


Actual. 


Calculated. 


KiKD OP Enginb. 




Wrought-iron 


Crank-shaf 


ts. 




100 


12 


12i 


14 


242 


Double-cylinder. 


70 


91 


H 


22 


291 


99 


60 


9* 


H 


19} 


278 


99 


42 


H 


8 


22 


294 


99 


30 


7i 


H 


24} 


345 


»» 


10 


H 


H* 


40 


364 


Common high -pressure. 


6 


H 


H* 


40 


. • 


)> 


4 


3f 


H* 


53 


• • 


M 


• 




Cast-iron C: 


rank-shafts. 






80 


13 


12i 


17-6 


480 


Low-pressure. 


53 


11 


lOf 


17-0 


427 


»> 


45 


11 


9| 


19-5 


576 


»» 


40 


10 


9A 


19-0 


475 


>» 


36 


9J 


9 


19-5 


464 


» 


36 


8 


8J 


20-5 


291 


High-rressure, broke. 


30 


9 


8A 


22-0 


535 


Low-pressure. 


25 


8 


n 


20-5 


420 


>» 


22 


7 


7 


25-5 


398 


Double-cylinder. 


12 


5f 


5i 


34-0 


538 


99 


6 


4i 


4» 


45-0 


• • 


High-pressure. 


(1) 


(2) 


(3) 


W 


(5) 
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(79.) « Torsianal Stiffness of Shafis^'—The rules we Lava 
given in (75) will apply without correction for large shafts, say 
over df- inches diameter, but with smaller sizes, although the 
torsional strength as given by those rules may be sufficient, the 
elasticity or angle of torsion becomes so great that other rules, 
in which stifi&iess is considered as well as strength, become 
necessary. The fact that strength and stiffiiess follow different 
laws, necessitates the use of two sets of rules for shafts ; with 
diameters above 4| inches shafts whose absolute torsional 
strength is sufficient to carry the power will be stiff enough to 
do ordinary work properly; but below that size, in order to 
obtain the proper stifi&iess, the diameter must be larger than 
necessary to give the required torsional strength. 

We have stated (74) that the stiffness of a shafb varies 
as (2^ 4- L, and if it were deemed necessary that all shafts, 
whether long or short, should be equally stiff, so that, for 
instance, a shaft which twists 1^ with a length of 10 feet, 
should twist only 1^ with 1000 feet, or any other length, the 
diameters necessary become very great. Say that we have a 
2-inch shaft, 20 feet long, which is found by experience to 
be only just stiff enough to drive a certain delicate machine 
requiring great steadiness of motion, and that it is necessary to 
remove that machine to a distance of 200 feet, and we have 
to find the diameter of a shaft that will do the work with the 
same sti&ess as before ; then we find the required diameter to 
be (2* X 200 -7- 20) y = 3-55 inches. 

(80.) But in most cases this extreme stiffiiess is not necessary, 
and we may admit that the angle of torsion may be allowed to 
increase in the same proportion as the length ; in that case the 
length of the shaft may be neglected. Then for ordinary 
wrought-iron shafts we have the rules : — 

H = d* X B X -00135 



d= 4^ JH-r(Bx -001351 



In which d = diameter in inches, B = revolutions per minute, 
and H = nominal horse-power. 

(81.) ^* CombhuUion of the two Btdes** — By calculating for 
various sizes of shafts by these rules and by those in (75) it 
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will be fonnd that with a diameter of 4f inches the results 
coincide, that is to say, both rules give the same power ; with 
smaller sizes the roles in (80) should be used, as they give 
larger diameters and smaller horse-powers than the other : for 
larger diameters the rules in (75) should be used for the same 
reason. Thus with 4^ inches diameter and say 50 revolutions, 
by (76) we have ^^ X 50 -r- 160 = 28-5-horse, but by (80) we 
obtain ^^ X 50 x ' 00185 = 27 * 68-hor8e, the rule for stiffiaess 
giving the lowest power ; for 4f inches diameter we have 
433 X 50-1-160 = 83-5-horse. and4|* X 50 x •00185 = 34-86^ 
horse ; here the rule for strength gives the lowest result. 

(82.) A striking illustration of the necessity for considering 
stifiEness with small shafts is given by the first example in 
Table 15, where we had to carry 1 horse-power with 240 
revolutions of a shaft 55 feet long. By the rule in (80) we 

have I 1 -T- (240 x -00135 I ^ = 1-825 or If inch diameter, 

the shaft was made 1^ inch and did its work well : but by the 
rule in (75) we should have had (160 X 1 -r- 240) ^ = -873 
or 1^ inch diameter only, which, of course, would have been 
absurdly too small. 

A shaft of the extraordinary length of 880 feet is at work near 
Bath, the diameter was If inch, and revolutions 140 per minute ; 
it drove a simple thrashing machine, such as would usually be 
worked by four horses. Now, by Table 4 a horse walking in a 
circle for say six hours per day gives • 614 horse-power, which 
being equivalent to indicated power by a steam-engine, would 
be equal to -614 x 2 -^ 3 = '409 nominal horse-power by our 
standard (4), and with four horses we have *409 X 4 = 1*636- 
horse. The diameter of this shaft calculated by the rule in (80) 

is 1 1-636 -4- (140 X -00135 1 ^ =1-715 inch: the work done 

by a thrashing machine is of a variable character, very trying to 
a shaft, the feed of course being very irregular, notwithstanding 
which, this shaft drove the machine with perfect steadiness in 
spite of its extreme length, proving that the principle we have 
admitted in (80), that in ordinary cases the angle of torsion may 
be proportional to the length, is correct in practice. 

(83.) Table 36 has been calculated by combining the two 
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rnles in the manner we have illnstrated ; in order to adapt it to 
other than common wrought-iron shafts we have assumed that 
the stiffness and the strength of different kinds of shafts follow 
the same ratio, or that given by the multipliers for the latter in 
(78). Thus a cast-iron cranA;-shaft will carry only 160 -f- 400 = 
'4 of the power of an ordinary wrought-iron shaft under other- 
wise similar circumstances, and by multiplying the numbers in 
the upper line of the table by *4 we obtain the corresponding 
horse-power of cast-iron crank-shafts as given in the third line. 
The multipliers for ordinary cast-iron shafts and for wrought- 
iron crank-shafts we found to be respectively 254 and 260, or 
practically the same, and they are assumed to be equal in the 
table. 

(84.) Table 36 will greatly facilitate the calculation of 
shafting in all ordinary cases : thus with 16 horse-power and 
60 revolutions, a common wrought-iron shaft must be 8f inches 
diameter ; — but if of cast iron, looking in the middle line for 16- 
horse we find the nearest number to be 15 * 9-horse, under which, 
the nearest number to 60 revolutions is 58, which is opposite 
4^ inches, the diameter required ; a steam-engine crank-shaft for 
the same power and speed must be 4| inches in cast iron, and 
for wrought iron under 15 * 9-horse in the middle line we have 
58 revolutions opposite 4^ inches diameter, &c. 

Again ; a cast-iron shaft 9 inches diameter and 22 revolutions 
would suffice for the crank-shaft of an engine of 40 horse-power, 
or as an ordinary shaft for 64 horse-power ; the same shaft in 
wrought iron would have done for the crank-shaft of an engine 
of 64 horse-power, or as a common shaft for 100 horse-power, &c. 

Table 15 gives numerous cases of common shafts in practice, 
with the corresponding sizes as calculated by the rules. 

(85.) ^^ Exertional Cases." — We found in considering the 
strength of wheels (69) that there were many exceptional cases 
arising from variable power or variable resistance, necessitating 
some modification of the ordinary rules which assume uniformity 
in both ; obviously shafts are subjected to the same exoeptionsd 
influences, and without repeating the illustrations already given, 
we may proceed to show how they are affected by them. 

" Shafts for ScreuhjpropeUers." — The shaft from a marine 
engine to the screw-propeller is under exceptional €onditionB, as 
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we found to be the case with the wheels (69) ; having no fly- 
wheel to equalize the varying power of the crank, the maximum 
power for which the shaft must be adapted, exceeds the mean 
power of the engine in the ratio of 1 * 57 to 1 with a single engine, 
and 1*11 to 1 with a pair of engines coupled together in the 
usual way with cranks at right angles (76). 

There is some difficulty in ascertaining the real nominal power 
of marine engines ; we usually obtain only the rej^ted power of 
the maker, and the observed gross indicated power ; the former 
is so uncertain (3) as to be wholly unreliable as a basis for cal- 
culating the diameter of the shaft: from the latter we may 
obtain the nominal horse-power by the standard we have 
adopted (4), and to which alone our rules apply. 

Taking the case of the ^ Pera ' by Bonnie (69), we had a pair 
of engines of 400 reputed horse-power, the gross indicated 
power was 1400-horse, equal by our standard to 700-horse 
nominal, which by the ratio for two engines gives a maximum 
power of I'll X 700 = 777 horse-power. By the ordinary 
rule in (75) we obtain with 58 revolutions, (160 X 777 -^ 58) 
i/ = 12|- inches for the diameter of the shaft ; but its actual 
size was llf inches only, being llf^-J- 12p = '69 or 69 per 
cent, only of the calculated strength. 

With the * Warrior,' we had a pair of engines by Penn, of the 
reputed power of 1250 horses, giving 5470 gross indicated, or 
2735 nominal horse-power by our standard, and with 53 revolu- 
nons the diameter of shaft should be (160 x 2785 X I'll 
- 53) ^ = 21 inches, but the actual diameter was 17 inches. 
:mly, being 17^ -=- 21^ = '53 or 53 per cent, only of the calcu- 
Ated strength. 

With the * Serapis,' the engines by Humphreys and Co. were 
of the reputed power of 700 horses, but gave 4100 gross indi- 
cated, or 2050 nominal horse-power by our standard, and with 
58 revolutions, required a shaft (160 X 2050 x 1 ' 11 -r- 58) 
y = 18^ inches diameter: the actual diameter, 16 inches, 
was 16^ -r 18^^ = • 65 or 65 per cent, of the calculated strength. 

With the * Agincourt,' a pair of engines by Maudslay, of the 
reputed power of 1350 horses, gave 6867 gross indicated, or 
3433 nominal horse-power by our standard, and with 58 revolu« 
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tions, the shaft comes out (160 x 3483 x 1 * 11 -r- 58) 4^ = ^2f 
inches diameter : the actual size was 28 inches, so that in this 
case we had 23^ -— 22f ^ = 1 * 05 or 5 per cent, in excess. 

With the ' Simoom,' a pair of engines by James Watt and Co., 
of the reputed power of 400 horses, gave 1400 gross indicated, 
or 700 nominal horse-power, and with 62 revolutions required 
a shaft (160 x 700 x l'll-^62) ^ = 12f inches diameter: 
the actual size was 18f inches, being 13f ^ -f- 12f ^ = 1 * 14 or 14 
per cent, in excess of the calculated strength. 

It will be observed that the practice of marine engineers is very 
variable, the difference arising probably from the mystification 
of the subject by the use of the reputed nominal power. In many 
cases propeller shafts by even the best makers are much weaker 
than ordinary ones: possibly the numerous Mlures of these 
shafts in practice may in some measure be due to this fact, which 
is much to be regretted, considering the magnitude of the 
interests involved. In all go^d rules there is a margin of extra 
strength allowed for contingencies, but if that limit be passed 
failure is eventually certain, becoming only a question of time 
(154). 

(86.) " Crankshafts for Eitpansive EnginesJ^ — The rules for 
steam-engine crank-shafts are strictly adapted only to ordinary 
cases where the pressure on the piston is nearly uniform ; but 
frequently high-pressure steam is used very expansively, and 
while the horse-power is governed by the mean pressure, the 
shaft has to bear a much higher or maximum pressure at the com- 
mencement of the stroke. Thus, say we had an engine of 20 
nominal horse-power, 50 revolutions, and 45 lbs. steam, with a 
wrought-iron shaft : in ordinary cases such an engine would 
require a shaft about 4f in. diameter, the mean pressure being 
pretty nearly 45 lbs. But if this engine were required to work 
expansively and to cut off steam at one-third, the mean pressure 
by Table 3 would be reduced to 27 lbs., and the piston must be 
larger, to compensate for that reduced pressure in the ratio of 45 
to 27, and the maximum pressure at the commencement being 
still 45 lbs., we have a strain at that moment equal to 
20 X 45 -f- 27 = 33 horse-power, the size of shaft suitable to 
which we find by Table 36 to be 5^ inches diameter. 

With a iiigh-pressure, expansive, and condensing engine, the 
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mean. pressure of 45 lb. steam cnt off say at one-fonrtli wonld be 
20*89 say 21 lbs. by Table 3, which, added to 18 lbs. yacumn, 
makes a total of 34 lbs., and the size of the piston is governed 
by that pressure ; but at the commencement of the stroke, we 
have a pressure of 45 -f- 18 = 58 lbs., and the power exerted at 
that moment is 20 X 58 -7- 84 = 84-horse, and the diameter of 
the shaft should be 5^ inches. The ratio of the maximum to 
the mean power is in both cases 1*7 to 1, and from this we 
obtain col. 2 in Table 16, which also shows the agreement of 
the rule with cases in practice. 

Table 16. — Of Crank-shafts to Expansive Engines in Practice. 



Nominal Horse-power. 


Bevolii- 
tions. 


Steam 

f!nt off 


Diameter of 
Wrougbt-iron ShafL 


Kind or Enodtk. 


Mean. 


Maximam. 




Actual. 


Calculated. 




9 


15-3 


50 




4i 


4| 


Gondensiiig. 


12 


20-4 


50 




4i 


4i 


» 


20 


340 


50 




51 


6J 


>» 


45 


76-5 


40 




8i 


7i 


»> 


10 


17-0 


60 




4i 


4i 


Non-condensing. 


25 


42-5 


40 




6 


6i 


» 



(87.) *' Millstone Spindles, do." — ^There are also many excep- 
tional cases due to variable resistance. For instance, a common 
4-foot millstone, grinding 4 bushels of com per hour, and 
making 125 revolutions per minute, requires about 4 horse- 
power indicated, or 3-horse nominal, and would require for that, 

by the rule in (80), a wrought-iron spindle | 3 -7- (125 x 

'00135 i if = 2*06 inches diameter. But it has been found 

necessary in practice to increase the diameter to say 3 inches in 
wrought iron, or 3 1 in cast iron, which by the table is equal 
to 12 or 13 horse-power. The reason for this is, that the 
momentum of the heavy millstone causes a surging action, which 
creates an excessive but irregular strain, which must be provided 
for by an extra strong shaft (70). 
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Again, ft circular saw reqaires an extra strong spindle ; thus 
a 4 foot 6 inch saw, making 470 reyolntions, requires 10 horse- 
power, but has a spindle 2|- inches diameter, which by the 
table is equal to 16 horse-power. 

A rag-engine, nsed in paper-mills for grinding rags to pnlp, 
requires about 6 horse-power, makes 160 reyolutions, and has a 
cast-iron spindle 4 inches diameter, which per table is equal to 
86 horse-power, giving an excess of 86 — 6 s 30 horse-power, 
notwithstanding which they sometimes break. 

(88.) " Main Shafts.*' — ^Where a number of these extra strong 
shafts are worked by one main general one, it is not necessary 
in most cases to make the latter equal in power to the whole 
combined power of the driyen shafts, for the following reason : 
The extraordinary strain, to meet which, extra strength is 
giyen, occurs only occasionally and irregularly, and is not likely 
to occur at one and the same moment in all the small shafts. 
For instance, if we had five pairs of 4-foot millstones in a line, 
worked by bevel- wheels from one long shaft, the mean power 
required would be 5 x 3 = 16 horse-power ; but the power of 
the five spindles, as we have seen, would be 12 x 5 = 60 horse- 
power. The main shaft need not, however, be equal to 60 horse- 
power, for the reason just given ; say we admit that two out of 
the five pairs of stones are taking for the moment each 12 horse- 
power, and the rest the normal amount of 3 horse-power each. 
Then the first length of shaft next the engine, &c., should be 
equal to (12 x 2)-f (3 X 3) = 33 horse-power; and if the 
speed be taken at 30 revolutions per minute, the diameter by 
the rules or by Table 36 would be 6f inches in wrought iron. 
After passing the first pair of stones, the power would be 
(12 X 2) -f (3 X 2) = 80-horse, and the diameter 5^ inches; 
the next length would be (12 X 2) + (3 X 1) = 27 horse-power 
and 5^ inches diameter, the next 12 X 2 = 24-horse and 5 
inches diameter, and the last 12-horse and 4} inches diameter. 

(89.) The same reasoning may be applied in fixing the sizes 
of long main shafts to rag-engines, saw-mills, &c., &c. In the 
case of rag-engines the excess of power in the shaft is very great 
(87), being 36 — 6 = 30 horse-power each. This excess of 
strength is required when a large and compact mass of fresh 
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rags gets by carelessness or accident under the roll. This, 
however, seldom happens, and hardly ever in more than one 
rag-engine at one time. We may therefore admit that 30 horse- 
power should be added to the real net power on the shaft 
throughout. Eag-engines are often driven in pairs from one 
wheel or pair of wheels close together on the main shaft (151) ; 
say we had three pairs, requiring an engine of 36 horse-power. 
Then the first length next the engine must be equal to (6 x 6) 
-|- 30 = 66 horse-power ; and if the speed be equal to 25 revo- 
lutions per minute, the diameter by Table 36 would be 7^ inches. 
After passing the first pair, the power is reduced to (6 x 4) 
-{- 30 = 54 horse-power and 7 inches diameter ; and the next and 
last is (6 X 2) + 30 = 42 horse-power and 6^ inches diameter. 

That our allowance of 30-* horse extra is not excessive 
may be shown by the two cases of rag-engine main shafts in 
Table 15. In one case a 42-horse engine driving seven rag- 
engines, had in the first instance a cast-iron shaft 9 inches 
diameter, 20 revolutions, equal by the rules in (75) to 9^ x 20 
-f- 254 = 57-horse, which was only 57 — 42 = 15-horse in excess 
of the nominal power, instead of 30 as we have allowed ; the 
result was that the shaft broke after working a year or two, 
and was renewed in wrought iron, when its strength became 
93 X 20-4-160 = 91 -horse, or 91 - 42 = 49 -horse excess, 
when of course it stood well. In the other case a 60-horse 
engine drove ten rag-engines, with a wrought-iron shaft 8| 
inches diameter, 31 revolutions, equal to 8^^ x 31 -£- 160 = 109- 
horse, or 109 — 60 = 49-horse excess, being precisely the same 
as in the last example. In the case in (152) we had a 45-horse 
engine driving seven rag-engines, with a wrought-iron shaft 
5^ inches diameter and 88 revolutions, equal to 5^^ x 88 -f- 160 
= 91-horse, or 91 — 45 = 46-horse excess. We allowed in 
(152) that two rag-engines might be taking an excess of power 
at the same instant, to the extent of 62 — 14 = 48-horse. 

The principles we have adopted in fixing the sizes of main 
shafts in exceptional cases, are further illustrated by cases in 
practice in (142) (152), &c., where, however, we have taken the 
strength of the pinions, rather than that of the spindles as the 
basis of calculation. 

F 
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(90.) The weight of roimd and square shafts of wrought iron 
is given by Table 17 ; for oast iron, multiply the tabular weights 
by -91. 



Table 17. — Of the Weight of Round and Square Shafts of 

Wrought Ibon, 1 foot long. 



Siaeln 


Weight in Lta. 


Sisein 
Inches. 

1 


Weight in Lbs. 


Sisein 
Inches. 


freight In Ll». 


Indies. 


Round. 


Sqotre. 


Round. 


Square. 


Round. 


Square. 


i 


•042 


•053 


21 


18-2 


23-2 


7i 


139 


177 


i 


166 


•211 


2| 


20 


25-5 


7* 


149 


190 


* 


•372 


•474 


n 


21-9 


27-9 


71 


159 


203 


i 


•662 


•848 


8 


23-8 


30-3 


8 


169 


216 


i 


103 


1-82 


8i 


280 


35-6 


8i 


180 


229 


i 


1^49 


1-90 


3} 


32-4 


41-3 


H 


191 


244 


i 


2*03 


2*58 


8f 


37-2 


47-4 


8f 


203" 


258 


1 


2 65 


3-87 


4 


42-4 


540 


9 


214 


273 


U 


3-35 


4-27 


4i 


47'8 


60-9 


9i 


227 


288 


u 


4-14 


6-27 


41 


53*6 


68^2 


9* 


289 


304 


!♦ 


5-00 


6-37 


« 


59-7 


760 


9« 


252 


320 


u 


5-97 


7-68 


5 


66-2 


843 


10 


265 


337 


H 


7-00 


8-90 


51 


72-9 


92*9 


10} 


292 


372 


If 


8-11 


10-3 


5J 


801 


102- 


11 


320 


408 


H 


9-31 


11^8 


5f 


87^5 


HI- 


llj 


350 


448 


i 


10-6 


13-5 


6 


953 


121 • 


12 


381 


486 


2* 


11-9 


152 


6i 
6i 


103^ 


132- 


12} 


414 


527 


2J 


13-4 


17- 1 


112- 


142 • 


13 


447 


570 


H 


14-9 


190 


6f 


121- 


154 • 


18} 


483 


614 


2J 


16-5 


21^1 


7 


180 • 


165^ 


U 


519 


661 



ON OOUPLINOS FOR SHAFTS. 



(91.) ** OoupUngs." — Shafts are not often made more than 
20 feet long, from the difficulty and inconvenience in making 
and fixing/ them. There are three principal forms of coupling 
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oommonly used for round shafts — the solid coupling, with lap- 
joint ; the flange ; and the claw coupling. 

" Solid Couplings." — The solid coupling shown by Fig. 28 is 
perhaps the best of all for small shafts up to, say 4^ or 5 inches 
diameter; for large shafts they become clumsy and heavy. 
Table 18 gives the general proportions of these couplings with 
cast-iron boxes, and is calculated by the following rules : — 

t=^dx 1-25 
L = Dx 1-5 

l = (dx -75)+ -25 

In which d = diameter of shaft ; D = diameter of coupling ; 
t = thickness of metal; L = length of coupling ; and 2 = length 
of lap, all in inches. 

This kind of coupling requires thoroughly good workmanship, 
especially in the fitting of the lap-joint; the coupling- box is 
secured in position by a hollow key, like Fig. 19. The angle 
or bevel of the joint should be about 1 inch per foot, and may be 
conveniently described by striking the arcs c d and 6 /from the 
point A with a radius of 6 inches, and setting off i inch above 
and below the centre line, &c., as in the figure. 

Table 18. — Of the Proportions of Solid Half-lap Couplings. 



Diameter of 
Shaft. 


Thickness of 
Metal. 


» 

Dtuneter of 
Ooopling. 


liength of 
Coupling. 


Length of 
Liu p. 


inches. 

1 


inches. 
1 


Ischet, 
3 


inches. 


Inches, 
1 


H 


^ 


H 


6f 


^ 


2 


If 


«* 


81 


u 


2i 


2 


6i 


9f 


2* 


8 


2* 


71 


lOJ 


2* 


3i 


2| 


8i 


m 


21 


4 


H 


9 


l^ 


Si 


H 


^ 


9f 


M* 


3* 


5 

* 


2J 


lOi 


15J 


4 



One great advantage in these couplings over most others is 
their safety; there are no projecting bolts, &c., as in the flange-* 
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coupling, to oatcb the dress of workmeD or workwomen, or ta 
become entangled with a strap which comes o£f accidentally ; 
another is, that when turned and polished, they are easily kept 
clean ; and there are no bolts to shake loose in working, &c. 

(92.) ^ Flange -> Cou^inga" — The flange - coupling shown by 
Fig. 29 is a conunon and useful kind for small and medium 
shafts, up to about 6 inches diameter. Table 19 giyes the 
general proportions ; for good work they should be turned all 
over, and in any case the two internal faces must be turned to 
fit together properly ; the bolt-holes must be drilled out truly 
to match one another, and the bolts must be turned parallel 
throughout, and fit well. To keep the two shafts in line with 
each other, one of them should enter the opposite half-coupling, 
say ^ inch in the smallest sizes, f inch in medium ones, and 
^ inch in 6-inch shafts, &c. As these couplings depend for their 
driving power entirely on the key, that part of the work must 
be well and firmly done ; each half should be secured by a sunk 
key as in Fig. 21, driven from the inside before the coupling is 
put together, and cut off flush, &c. ; and the face should be 
turned true in its place after the coupling has been keyed on 
the shaft, otherwise, driving the key is apt to throw the coupling 
out of truth. 

Thereds one objection to the use of solid and flange couplings, 
more especially for large shafts, namely, their rigidity, and want 
of accommodation in case of bad adjustment in fixing, where the 
perfectly straight line is not maintained, or in other cases where 
one of the bearings has accidentally worn down considerably more 
than the rest. With small shafts this is not very important, 
because a light shaft will spring, and so adjust itself to such 
irregularities; a heavy shaft may be too stiff to do so, and for 
that reason heavy shafts more particularly require a yielding 
coupling, like the following. 

(93.) " ClauhCoupling" — The claw-coupling shown by Figs. 
80, 31, should be used for shafts above 6 inches diameter; 
indeed, there is no reason why it should not be used for small 
sizes also. When fitted together by chipping, &c., in the usual 
way, they are very expensive, and require good workmanship ; 
but the expense of this fitting may be entirely avoided by 
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Table 19. — Of the Pbopobtions of Flange-Couplings, 



Diameter 
of Shaft. 


Diameter 
of Flange. 


Thickness 
of Flange. 


inches. 

1 


inches. 
5 


inches. 

i 


H 


^ 


* 


2 


8 


lA 


2* 


H 


1* 


3 


11 


H 


3i 


12i 


H 


4 


14 


If 


H 


IH 


H 


5 


17 


2 


6 


20 


^ 



Diameter 
of Boss. 



inches. 
2i 

3i 

4i 

5i 

6i 

7* 
8 

Si 
91 

Hi 



Depth at 
Boss. 


No. of 
Bolts. 


Diameter 
of Bolt. 


inches. 
2 


3 


inch. 

i 


2i 


3 


* 


3 


4 


i 


3i 


4 


i 


4 


4 




H 


4 




5 


6 




5* 


6 




6 


6 


n 


7 


6 


H 



Diameter 

of Circle of 

Bolt9. 

indie >. 

^ 

H 

6 

7i 

84 
9i 

11 

l^ 

16 



casting one half upon the other. In that case one half is cast in 
sand, <fec., in the nsual way, and this casting being imbedded in 
the sand, with the wooden pattern locked into it, a monld is 
taken from the pattern in the nsnal way, and the second half is 
cast upon the first. A perfect fit is thus obtained without labour, 
and the metal is chilled and wears longer, so that this form of 
coupling is the cheapest of any. Of course, the first half must 
be coated with founder's blacking where the molten metal of 
the second half comes in contact with it, to preyent adherence, 
The shrinkage will be sufficient to enable the two halves to be 
separated when necessary, but they should be locked together, 
and so bored to ensure parallelism. This kind of coupling 
requires well securing to the shaft by good sunk keys, like 
Fig. 21. 

BBABINGS FOB SHAFTS. 

(94.) ^' Pltmrner-hlochs or Pedeatala" — There are many 
modem variations in the form and general proportions of 
plummer-blocks ; but altogether we think the old-fashioned 
form shown by Figs. 34 and 35, and moderate proportions, as 
given by Table 20, are the best for general purposes. For 
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special purposes these proportions may require modificatioii ; for 
instance, where the pressure is yery heavy the length may require 
to be increased to obtain more area. (See 96.) Some engineers 
haye adopted very long bearings 1^ times or even twice the 
diameter ; such proportions are excessively heavy and expensive, 
and in most cases unnecessary. The principal strain on a shaft 
is usually a torsional one, the weight being comparatively light ; 
an excessively wide bearing for such a case is a useless expense ; 
it is better, l^erefore, to adopt moderate proportions for general 
puziposes and to make special wide bearings for exceptional 
cases. In fnct, the width of the bearing should not be governed 
by the diameter, but by the load or weight which the shaft has 
to carry. In cases where the upward pressure is great the hold- 
down bolts may require to be much stronger than in Table 20, 

Table 20.— Of the Fbofobtions of Pluhhbb-blogks. 



Diameter 
of Bearing. 


Length of 
Bearing. 


Height of 
Centre. 


Length of 
Sole. 


Centres of 

Hold-down 

Bolta. 


Diameter of 
BolU. 


Sise Of Holes 
for Bolts. 


inches. 


inches. 

24 


inches. 

24 


ft in. 
9 


ft. ia 
7 


inches. 


In. in. 

*xi 


2 


3 


2f 


104 


8 


i 


fxi4 


^ 


34 


34 


1 


9^ 


1 


fxl4 


3 


4 


34 


1 14 


lOi 


i 


*xi4 


34 


H . 


34 


1 3 


114 


i 


4x14 


4 


5 


44 


1 4 


1 04 


* 


1 xi» 


H 


54 


H 


1 6 


1 If 


1 


I4xii 


5 


6 


64 


1 74 


1 3 


H 


14x2 


54 


64 


5f 


1 9 


1 44 


n 


If x24 


6 


7 


64 


1 10^ 


1 5 


H 


14x24 


7 


8 


74 


2 1 


1 7 


1* 


11x24 


8 


9 


34 


2 5 


1 11 


n 


2 x2f 


9 


10 


H 


2 6^ 


2 


HTwo 


11x24 


10 


11 


10 


2 8 


2 1 


If » 


If x24 


11 


12 


11 


2 10 


2 8 


If » 


2 x2| 


12 


13 


12 


3 


2 4 


2 „ 


24x3 
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and they shonld be provided with double nnts, as at B, or 
better still, a doable-headed key embracing both nuts at once 
may be used ; but where the upward strain is very great the 
form should be altogether different, such as not to depend wholly 
on bolts for safety and permanence. 

(95.) << Tendency to Abrasion and Heating" — It has been 
found by experience : — 1st. That when the pressure per square 
inch exceeds a certain amount, the oil or other lubricant is 
squeezed out, the contact becomes that of metal-and-metal, and 
the bearing cuts or abrades in spite of eyen constant lubrication ; 
2nd. That with every pressure there is a certain velocity beyond 
which the bearing will become heated. 

Heating and abrasion are more or less connected together, 
for heating tends to destroy the lubricating oil, <fec., and so pro- 
duces abrasion with even comparatively light pressures ; but it 
is possible for a heavy pressure to abrade yet not to heat objec- 
tionably because of the slowness of the motion, as, for instance, 
with the gudgeon of a water-wheeL On the other hand, the 
pressure may be very light, yet the bearing may heat because of 
the high velocity, as in the case of the spindle of an air-fan. 
It will therefore be convenient to consider abrasion and heating 
separately. 

(96.) There are two or three secondary influences which have 
considerable effect on the tendency to heat and abrade, such 
as the nature of the nibbing surfaces; the kind of lubricant, 
and the method of its application, dec. We must assume the 
Ordinary conditions : a wrought or cast iron journal, running in 
a hard gun-metal bearing, and oiled in the usual way. 

It should be observed that the toe-bearings of upright shafts 
are more fSavourably situated for lubrication than ordinary 
bearings ; with a proper oil-cup they can be maintained running 
drowned in oil, moreover, the toe is usually faced with hardened 
fsteel, which would not abrade so readily as cast or wrought 
iron. 

(97.) " Abrasion*' — The tendency to abrasion is simply pro- 
portional to the mean pressure on the bearing per square inch 
of surface, other things, such as lubrication, &c., being the 
same. The direct experiments of Bonnie show that with steel 
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Table 21. — Of the Fressube on BEARinas in 



No. 


BMrii«. 


Aanmed 

Mean 
Prassure 
on Piston. 


Pl'iwure on Bearing 
In Lbs. 


BeTolntSona 
Minate. 




DUmeter. 


Length. 


TotaL 


Periqnare 
inch J}. 




1 


14 


18 


Um. 
•• 


45024^ 


114 


23 




2 


9i 


11 


• • 


2350C^ 


140 


19-5 




3 


8i 


10* 


• • 


18800^ 


141 


22 




4 


H 


H 


80* 


21200 


576 


47 




5 


3i 


H 


84 


10676 


492 


50 




6 


2* 


8 


34 


6416 


500 


50 




7 


^ 


2* 


34 


4512 


460 


50 




8 


6 


7i 


20 


32520 


458 


17i 




9 


5f 


6i 


20 


27720 


505 


17i 




10 


3i 


H 


27 


7654 


327 


40 




11 


2i 


^ 


27 


8051 


345 


60 




12 


2* 


4 


48 


10922 


632 


70 




13 


2* 


2* 


45 


6411 


768 


40 




14 


2* 


2* 


45 


6411 


600 


40 




15 


2 


2» 


45 


4564 


611 


45 




16 


3 


4 


60 


8504 


186 


120 




17 


2» 


3* 


60 


1841 


152 


130 




18 


5 


5 


20 


16260 


414 


• • 




19 


H 


H 


20 


13860 


435 






20 


Si 


3i 


45 


8550 


460 






21 


3 


8 


45 


5182 


366 






22 


2* 


2t 


45 


8712 


312 






23 


2* 


2* 


45 


2993 


304 




1 


24 


8 


8i 




11000 


718 






25 


8 


»* 




8930 


203 


15 




26 


1* 


5J 




8930 


660 






27 


11 


«• 




20061* 


211 






28 


1* 


•• 




1900* 


792 


125 




0) 


(a) 


(3) 


W 


(6) 


(6) 


a) 
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Pbactice, with reference to Abrasion and Heating. 



Velocity of 

Rubbing 

Sarfore, Feet 

per Minate 

V. 



84-3 
48*4 
47-7 
52*5 
42-5 
36-0 
32-7 
26*8 
26*0 
36-7 
35*8 
50*4 
22*2 
26*2 
23*6 
940 
81*0 



31 



28*6 

(8) 



Tendency to 
Heating. 
1>XV. 


Nominal 
Horse- 
power. 


9630 


100 


6776 


60 


6726 


42 


30210 


45 


20910 


20 


18000 


12 


15042 


9 


12274 


80 


13180 


60 


12000 


25 


12178 


10 


31853 


■ • 


17050 


10 


15720 


10 


14420 


6 


17474 


8 


12320 


4 


• • 


80 


• • 


60 


a • 


60 


• • 


40 


• • 


30 


• • 


22 


• • 

6395 

• • 




• • 

22650 




(9) 


(10) 



Kind or Bsasivo. 



Fly-wheel shaft. 

„ D. C. engine. 



19 



»J 



Engine crank-pin, heated. 



ft 

n 



99 

If 



Low-pressure, crank-pin. 



»» 



Expansive 



n 



99 
f* 
» 



High-pressnre ; „ heated badly. 

M „ abraded slightly. 

„ „ altered; better. 



»» 



»> 



Portable-engine „ 

M 99 

Low-pressure, link-bearing. 

»> »♦ 

D. Cylinder engine „ 



If 



>f 



>f 



Bow of deep-well pump. 
Head of sling to three-throw pumps. 
Pin of ditto, lower end. 
Toe, upright shaft. 
„ millstone spindle. 
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or wrought iron on cast iron the friction increases rapidly, and 
abrasion ensues when the pressure exceeds 6^ to 6 cwt. per 
square inch, or with cast iron on brass 7 cwt. per square indi* 
But the most reliable data may be obtained from cases in prac* 
tice, the most instructive being those which failed or gave 
serious trouble by abrasion or heating. Table 21 gives a selec- 
tion of such cases, the tendency to abrasion being indicated by 
col. 6 ; the heaviest pressure on a common horizontal bearing is 
768 lbs. per square inch in No. 18 ; this did not heat, nor would 
it be likely to do so as we shall see presently (102), but it 
abraded slightly, and in making other similar engines the sizes 
were altered to No. 14, the pressure being thereby reduced to 
600 lbs. with satisfactory results. It appears from this that 
with careful lubrication the pressure may be as high as say 
760 lbs. per square inch, but that is about the limit, and with 
heavier pressures abrasion will ensue in spite of lubrication, 
with the surfaces we have assumed (96), namely, wrought or 
cast iron, on gun-metaL With toe-bearings, the toe being of 
hardened steel, a higher pressure may be admitted as shown by 
No. 28, where an ordinary spindle for a 4-foot millstone has a 
pressure of 792 lbs. per square inch, and with ordinary care 
gives no trouble by abrasion. 

In horizontal bearings, we have taken the area of the surface 
as hilf the circumference multiplied by the length, both in 
inches ; for toe-bearings of course the full area of the toe must 
be taken. Thus, with No. 3, 8^ diameter = 26 inches circum-r 
ference, hence we have an area of (26-7-2) X 10*25 = 138*8 
square inches, and a pressure of 18800 -f- 133*3 = 141 lbs. per 
square inch ; again, with No. 28, If diameter of toe gives an 
area of 2*4 square inches and a pressure of 1900-7-2*4 = 
792 lbs. per square inch. 

(98.) From this we obtain for ordinary bearings with a 
maximum pressure of 760 lbs. per square inch, the rule : — 

W = d X i X 10*5 

In which d = diameter, and I = length in inches, W s the 
total weight on the bearing in owts. ; the third coL in Table 22 
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Las been calculated by this mle. Similarly, for ordinary toe* 
bearings to upright shaftej the rule becomes :— 

W = <P X 52'6 
and w = <P X 589 

In which w = total weight in pounds, and the rest as before ; 
cols. 2 and 3 in Table 23 have been calculated by these 
rules. 

These rules and tables give the maximum pressure, beyond 
which abrasion will commence ; in practice it is expedient to 
adopt a much lower pressure wherever it is possible to do so ; 
in most cases it should not exceed 500 lbs. per square inch, or 
two-thirds of those given by the tables. Table 21 shows in 
col. 6, that in many cases the pressures are very low, the case 
being probably governed by other considerations, such as 
heating, or torsional strength. 

(99.) ^^ Heating.'* — The tendency to heating may be repre- 
sented approximately by j> x V, in which p = the mean pressure 
in pounds per square inch, and Y = velocity of the rubbing 
surfaces in feet per minute, and thus we have obtained col. 9 in 
Table 21. It should be explained, that the cases marked by a * 
are absolute pressures from known loads or were obtained from 
the mean pressure shown by the indicator ; all the rest are 
hypothetical, having been calculated in the manner illustrated 
in (10) with the total pressures assumed in col. 4. These latter 
may not have the absolute precision of the former, but have the 
advantage of applying without correction to new cases where 
the pressure must be assumed as the basis of calculation. 

The cases Nos. 4 and 12 are particularly instructive as 
giving the limits beyond which heating will ensue ; No. 4 gives 
trouble continuklly, and is endured with difficulty, j> X V being 
29100. No. 12 was still worse, and had to be replaced by 
larger sizes, j> x V being in that case 31850. In most cases 
p X V should not exceed 20000, except perhaps with steel-faced 
toe-bearings where, from the hardness of the material and the 
fSavourable position for lubrication (96), we may admit 25000 
No. 28 shows that 22650 answers very well in the case of mill- 
stone spindles. 
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(100.) In finding Y for toe-bearings the mean velocity is half 
that -due to the extreme diameter of the toe ; thus, with French 
millstones, the weight of a 4-foot nmner would be 14 cwt., and 
that of the spindle, pinion, &c., say 8 cwt., giving a total of 
17 cwt. or 1900 lbs., and the area of If being 2 * 4 square inches 
we have p = 1900 -^ 2*4 = 792 lbs. per square inch. Now, 
the circumference of If is 5 • 5 inches or 5 • 5 -:- 12 = • 458 foot, 
which with 126 revolutions gives '468 x 125 = 67*2 feet as 
the maximum velocity at the periphery of the toe ; hence the 
mean velocity V, is 67*2-^2 = 28*6 feet per minute, and 
pxY becomes 28-6 x 792 = 22650 as in coL 9 of Table 21. 

(101.) Admitting 2> X V to be 20000 we have for " heating," 
witii ordinary horizontal bearings, the rules : — 

W = 1072 xZ-T-R 
R = 1072 xZ-f-W 
I = Rx W-f-1072 

In which W = total maocimum weight on the bearing in cwts. ; 
d =s diameter in inches ; I = length of bearing in inches ; and 
R =3 maximum revolutions per minute. 

Similarly with ordinary toe-bearings of wrought or cast iron, 
in hard gun-metal seats we have the rules : — 

W = 1070x^-T-R 
R= 1070x<i-f-W 
ci =Rx W-T-1070 

In which d = diameter of the toe in inches, and the rest as 
before. Tables 22, 28, have been calculated by these, rules; 
they give, as stated, maximum results, and in applying them to 
practice a good margin should be allowed, say two-thirds or 
even half the tabular numbers. 

(102.) It will be observed that abrasion and heating follow 
different laws (98) (101), a bearing which abrades may not 
heat, and vice versd; thus in Table 21 No. 4 heated because 
jj X V was too high, namely, 30240, but it did not abrade, 
p being only 576 lbs. ; again No. 18 abraded, p being 768 lbs., 
but it did not heat, j? X V being only 17050, &c. 

With ordinary bearings the tendency to heating is inde* 
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pendent of the diameter, so that a bearing which heats with a 
certain load and number of revolations would not be improved 
by increasing the diameter alone, because although an increase 
in diameter would reduce the pressure per square inch, it would 
also increase the velocity of the rubbing surfaces in the same 
proportion, and the tendency to heating would be the same as 
before. The best way to prevent heating is to keep down the 
diameter and increase the length ; the power lost by friction is 
not increased by increasing the length, and a wide bearing will 
wear longer than a narrow one, and can be more easily kept 
cool. With very high speeds the bearings should be of great 
length ; for instance, the spindle of an air-£an, say 1^ inch 
diameter, should be about 7^ inches long, or 5 to 1. 

(103.) '* Dtstance between Bearings" — The number and posi- 
tion of bearings must be regulated by the position of the wheels 
or riggers on the shaft. In all cases the bearings should be as 
near as possible to the coupling, wheels, &c., <&c. But sometimes 
a long shaft may have no gearing upon it for many feet, and the 
distance between the bearings must be fixed with reference to 
the l^tiffiiess of the shaft itself. We may admit that a 2-inch 
shaft, unloaded except by its own weight, may have bearings 
10 feet apart, and allowing that the deflection may be in all 
cases proportional to the distance between bearings, we have 

the rules i — 

L=^i/(dx 16)", or L = ((Z = 16)1 

d = ^l?-r-16, or d = L*-r- 16 

In which d = diameter of the shaft in inches, and L = length 
between bearings in feet. Table 24 is calculated by this rule, 
but it must be understood as applying only to cases where the 
shaft has only its own weight to carry. 



Table 24. — Of the Distance between Beaeinos of Unloaded 

Shafts. 



Diameter of thel 
shaft in inohes/ 

Distance between! 
bearings in feet/ 



1 
6-3 



H 
8*3 



^ 



10-1 11-7 



8 
13*2 



4 
16*0 



5 

18*6 



6 
21*0 



7 
23*2 



8 
25-4 
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(104.) It is sometimes impracticable to get a bearing close to 
a wheel or rigger ; in that case the shaft shonld be swelled, as 
in Fig. 24, in which the parts A and B are made of the diameter 
necessary by Table 86 to carry torsionally the horse-power 
required, and the central part, carrying the wheel C, is made of 
much larger diameter, as in the figure, so as to obtain the 
requisite stiffiiess. No rule for the central diameter can be 
given for such cases; it must be left to the judgment of the 
engineer. 

When a wheel, &c., overhangs the end bearing of a shaft, as 
in Fig. 25, the neck-bearing D has not only to bear the tor- 
sional strain but also the transverse strain of the wheel, which 
tends to wrench the end off. In such cases the bearing D 
should be made of larger diameter than the rest of the shaft E, 
as in the figure, and between D and E the shaft may have the 
tapered form shown. In such cases the bearing E should be 
much closer than given by Table 24, say about one-third of that 
distance ; otherwise the shaft might spring between D and E, 
and the requisite steadiness of the wheel, &c., would not be 
obtained. This is specially important in the case of a hevel' 
wheel, where a spring in the shaft would affect the position of 
the teeth in gear with one another. 

OBAKE SHAFTS FOB THBEE-THBOW PUMPS. 

(105.) " Cranks for S-throu) Pttwpa."— The strength of a 
3-tiirow crank. Figs. 26, 27, must be calculated to resist two 
distinct strains to which it is subjected ; one being the weight 
on the buckets due to the head of water, plus the weight of the 
rods, &c., which tends to break the crank transversely as a 
beam ; and the other, the torsional strain, which tends to ttmt 
it asunder. In most ordinary cases the diameter required for 
the torsional strain is the greater of the two, but where the dis- 
tance between the two bearings A, B, is greater than usual, the 
diameter necessary to resist the transverse strain may be the 
greater. The only safe course is to calculate the diameter for 
both strains, and adopt the one which comes out the largest. 

" Torsional Strength" — The size of the main bearing A may 
be determined by the rules already given, or by Table 36, the 
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end bearing may be rather smaller, as it has no torsional strain 
to resist From the pecidiar form of a 3-throw crank, the 
torsional strain on the sling-bearings C, D, E, is greater than 
that on the main bearing A, in the ratio of 1*73 to 1, 

the diameter must therefore be greater in the ratio ^1*73 or 
1*2 to 1, so that a crank whose main bearing A is 5 inches, will 
have its sling-bearing 5x1*2 = 6 inches diameter, &c. 

Table 26. — Of Thbeb-thbow Cbankb in Practice. 



Horse- 
power, 

Work 


Gallons 
per 

Minute. 


Head in 
Feel* 


DlAK ETBB OF BeABIKGS. 


Revo- 
lutions 

per 
Minute. 




ActuaL 


Calculated. 


Material 


Done. 


Main. 


Sling. 


Main. 


Sling. 




60-6 

46-4 

36-5 

27 

25-7 

16-3 

13 


t 

800 
«00 
400 
450 
314 
250 
250 


250 
255 
301 
200 
276 
215 
170 


9 

9 

7i 

6* 

7i 

6 

6i 


10 

10 

9 

7i 
9 

7 

7i 


8-6 

8-0. 

7-45 

6-46 

7-18 

5-9 

6-3 


10-3 
9-5 
9-0 
7-76 
8*64 
7-0 
7-6 


15 

15 

141 

16 

11 14 

20 

13 


Wrought iron. 

»» 

»» 

»> 

>» 
Cast iron. 



* The head given includes the friction of the long delivery-pipe. 

Wrought iron is by far the most trustworthy material for 
3-throw cranks, especially for small aiid medium sizes, but the 
expense of forging is very great, large cranks, 6 or 7 inches in 
diameter, costing Is, per pound from the forge, and as it is 
impossible to forge them very near the required form, the rough 
weight and the cost come out greatly in excess of that due to 
the exact sizes. For this reason cast iron is very generally 
used for cranks, and when made of the proper sizes there is not 
much risk of failure with fair work ; very small cranks are 
usually made of wrought iron. Table 25 gives the proper sizes 
of cast and wrought iron cranks by inspection, but those sizes 
it should be observed are for torsional strain only. Table 26 
gives the particulars of cranks in practice, with the calculated 
sizes for comparison ; many of the cases given are of large sizei, 
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and haYo been at work snccessfully for years ; other cases are 
given in (136). 

(106.) " Tranwerae Strength." — The transverse strength of a 
3-throw crank, or its strength as a beam, may be calcnlated 
with sufficient accuracy for practical purposes by the ordinary 
rules for the strength of materials. Let d = the diameter of 
the central sling-bearing • in inches, L = the length, or the 
distance between centres of main and end bearings in feet, and 
w = the safe weight or working load on the crank reduced to 
an equivalent central weight in pounds. Then, taking the safe 
working strain at -^th of the breaking weight, we have the 
rules : — 

For cast iron to = d^ x 133 -f- L 

For wrought iron w = d^ x 200 -r- L 

„ „ d = ^(wxL-f-200) 

(107.) The application of these rules to practice will be most 
clearly illustrated by an example : say we have a set of 3-throw 
deep-well pumps, with barrels 9 inches diameter, 2 feet stroke, 
15 revolutions per minute, raising the water to a total height 
of 330 feet including the friction of the long delivery-pipe. 
The capacity of a pipe or barrel in gallons per foot run will 
be given by the rule, d^ x ' 341, hence in our case with three 
barrels, each 2 feet stroke, we should have 9^ x * 341 x 6 X 15 
= 248 * 6, say 250 gallons or 2500 lbs. per minute 330 feet high, 
or 2500 X 330 -r 33000 = 25 nominal horse-power, see (2). 

We must first find the diameter necessary to bear the tor- 
sional strain: by Table 25 for 25-horse with 15 revolutions, 
we require with cast iron, a crank 7^ inches diameter at the 
main bearing A in Fig. 26, and 9 inches at the sling-bearings 
C, D, E. With wrought iron the diameters would be 6J inches 
at the main bearing, and 7*8 inches at the sling-bearings. 

(108.) In calculating for the transverse strength, we must 
first find the weight on the crank, reducing it to an equivalent 
central strain ; say that the pumps are fixed in a deep well with 
the barrels 200 feet below the crank, we should therefore have 
200 X 3 = 600 feet of pump-rods, say 1^ inch diameter, which 

o 2 
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by Table 17 would weigh 4*14 x 600 = 2484, say 2400 lbs., 
which being about equally distributed along the length of the 
orank would be equal to a central load of 1200 lbs. The weight 
of the cranik itself, and of the slings, joints of the pump- 
rods, dbo., would be about 1200 lbs., equal to 600 lbs. in the 
centre. 

The head of water can be on two buckets only at one time, 
because one is always descending unloaded ; a column of water 
1 foot high giving a pressure of * 4327 lb. per square inch, the 
central bucket, whose area is 63*6 square inches, will have a 
load upon it of 63-6 X *4327 x 380 = 9080 lbs. If the side 
sling is half-way between the centre of the crank and the bear- 
ing A or B (which is usually nearly the fact), then the load 
on it being also 9080 lbs. will be equal to a central load of 
9080 -4- 2 = 4540 lbs. The total weight w, we now find to be 
1200 + 600 + 9080 + 4540 = 15,420 lbs. 

We can now find the diameter necessary for the transverse 
strain by the rules in (106): the distance between the main 
bearings A and B is in our case 4 feet 6 inches, as in Fig. 26, 
and we have for a cast-iron crank (15420 x 4*5 -4- 133) ^ = 8 
inches diameter of sling-bearing, whereas for the torsional 
strain we found (107) the diameter necessary to be 9 inches, 
and of course, the latter being the larger, must be adopted as 
the size of the crank. 

For wrought iron the diameter of the central sling-bearing 
comes out (15420 X 4-5 -r- 200) ^=7 inches instead of 7-8 
inches, as found necessary for the torsional strain, and here 
again the larger size must be used. 

(109.) The third and fourth columns of Table 25 have been 
calculated by the rules in (106), and will enable us to ascer- 
tain easily whether the diameter we have found to be necessary 
for the torsional strain, will be sufficient for the transverse 
strain also, with the given load and length. Thus, we found 
in (107) that with cast iron, the sling-bearing required to be 
9 inches, with which by col. 3, the safe transverse central load 
is 97,250 lbs. with a length of 1 foot, therefore 97250 -^ 4-5 
= 21,610 lbs. with a length of 4^ feet, as in our case, and as we 
require 15,420 lbs. only, we have abundant transverse strength. 
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Again, with the wronght-iron crank, the diameter for torsional 
strength we found to be 7 * 8 inches, with which by col. 4 the safe 
transverse load for wrought iron is 94910 -i- 4*5 = 21,090 lbs., 
giving an excess of strength, &c. 

It will be evident that where the distance between the main 
bearings is great, which will happen with pumps of large 
diameter and low lifts, the diameter of crank necessary for the 
transverse strain may be greater than that required for the tor- 
sional strain, and governs the case. 

(110.) " Cranks toorhed hy Horses" — The mean useful power 
of a horse walking in a circle, and raising water by pumps, is 
given by Table 4 ; it varies very much with the duration of the 
labour, but is in any case much less than the standard horse- 
power of 33,000 foot-pounds (1). But the maximum power 
exerted for a few moments occasionally under the whip, &c., 
may be five or six times the mean power, and if the machinery 
is of such a character as to resist a rapid increase in velocity, 
the strength of the crank and gearing must be adapted to that 
maximum strain. Pumps may give way a little under these 
circumstances, but it will be prudent to estimate for say five 
times the mean power given by Table 4. Thus, for six hours 
per day, the mean power of a horse in pumping is *409-hor8e, 
but the crank should be adapted for *409 X 5 s say 2 horse- 
power : with 28 revolutions, a cast-iron crank by Table 25 must 
be 3 inches diameter at the main bearing, and 3 * 6 inches at the 
slings. 

With more than one horse, the case would be modified ; for 
obviously the whole number would not be exerting the mftTiTmiTn 
power at the same instant: say we have six horses, and we allow 
that two are exerting their maximum, and four their mean 
powers, we then have ('409 x 5 x 2) + ('409 X 4) = 5*7, or 
say 6 horse-power, requiring by Table 25 with twenty-seven 
revolutions a cast-iron crank 4 inches diameter at the main 
bearing, and 4*8 inches at the slings. 
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CHAPTEB IV, 

ON BIGGEUS OB PULLETS. 

(111.) " Lavf8 of Friction, aa allied to Biggera.'* — Let A, 
Fig. 13, be a rigger or pnlley fixed so as to be incapable of 
tuniing, and T t weights suspended by a strap, E, which passes 
ronnd the pulley, and may be caused to embrace it more or less 
by a small guide-pulley D. Let now the weight T be increased 
until the friction of the strap is overcome, and it slips on the 
pulley, the weight T descending. 

The ratio between T and t varies — 

1st. With the coefficient of friction of the material of the 
strap £ sliding on the material of the pulley A. 

2nd. With the proportion which the arc of the pulley embraced 
bears to the whole circumference of the pulley. 

(112.) This ratio is independent of the breadth of the strap 
ao long as T and t remain the same, but inasmuch as T and t, or 
the strain on the strap, may increase with the breadth, this must 
not be understood to mean that a narrow strap will drive as 
much as a wide one ; for other things remaining the same, the 
strain, and therefore the driving power, varies directly and 
simply as the breadth. 

The ratio between T and t is also independent of the diameter 
of the pulley, other things remaining the same ; thus, for 
instance, a strap which slips on a pulley 1 foot diameter, with a 
weight of 1 cwt. at one side, and 2 cwt. at the other, would do 
the same on a pulley 10 feet or any other diameter, the surfaces 
being similar. This appears contrary to our instinctive notions, 
but is quite correct, as proved by experiment. But this must 
not be understood to mean that a small pulley will carry as 
much power as a large one, for obviously, if both are set in 
motion, making the same number of revolutions per minute, the 
relative speeds of strap would be proportional to the diameters, 
and the power would vary in the same ratio. 

(113.) The laws by which the proportion of the entire circum* 



BIGGEES — LAWS OP FBIOTION. 87 

ference embraced by the strap goyerns the ratio of the weights 
T t are very complicated. 

Let F = the coefficient of friction. 
„ L = length of circumference embraced, in feet or inches. 
„ B = radius of the pulley, in the same terms as L. 
„ T = the greater weight in Fig. 13, <&c., or the maximum 

tension. 
„ t = the lesser do. do. minimum 

tension. 

Then we have the rules : — 

T =< X (2-718)» 

< = T-r-(2-718)^ 

These formulsB cannot be worked except by logarithms, and 
they then take the following forms : — 

Log. T = Log. < + (^-4343 x ^\ 

and Log. t = Log.T-^4343 x ^) 

From Morin's experiments the coef&cients of friction, or the 
values of F, are aa follow:— 

* 47 for leather straps in ordinary working order on drums of wood. 

* 28 do, do. cast iron. 

* 38 do. soft and moist do. do. 

* 50 cords or ropes of hemp on pulleys or drums of wood. 

It appears from Morin's experiments that with cast-iron 
riggers the driving power is the same whether they are turned 
or not, the adhesion of the strap to the polished surface gene- 
rating as much friction as with a rough surface. 

(114.) If we take the case of a strap in ordinary working order 
on a cast-iron rigger the value of F will be * 28, and calculating 
for the four cases shown by Figs. 14, 15, 16, 17, in which the 
circumference is successively ^, ^, f , and wholly embraced, we 
find by the first formula that while < = 1 in all cases, T becomes 
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snccesBiyely 1*558, 2*41, 8*77, and 5*81, as in the figures. 
Table 27 is calculated in this way, and gives throughout the 
value of T when < s 1, for different kinds of surfSoce of rigger 
and states of strap. 

When a rope is used, and it is wound more than once round 
the drum, the frictional power is enormous; thus, with a 
rough wooden drum and a rope 2*5 times round it, with < = 1, 
T is 2575, &c., &o. 

(115.) " Riggers in Motion^* — ^We have so far considered the 
rigger as fixed ; we will now apply the foregoing &cts to the 
case of riggers in motion. The mechanical conditions of a 
driving rigger with half its circumference embraced by the 
strap are shown by Fig. 36, in which we have, as before, the 
rigger A and the weights T and <, as in Fig. 15, where we found 
them to be respectively 1 and 2*41. But in this case, the rigger 
A being free to turn, the weights T and t being unequal, there 
would be no equilibrium without an additional weight at Q, and 
supposing the drum J to be of the same diameter as the pulley 
A, it is self-evident that the sum of Q and t must be equal to T, 
therefore T - < = Q, or 2*41 - 1*0 = 1*41 = Q. 

The mechanical power transmitted by the strap, supposing 
Q to be raised by a rope coiled round the drum as a hoist or 
windlass, is the difference between T and f, and Q might be 
increased indefinitely, if we could increase T and t indefinitely 
in the normal proportion ; there is, however, a limit to which 
this can be done, namely, the cohesive strength of the strap, by 
which the heaviest weight, T, is carried. Where leather is 
used we can obtain the requisite cohesive strength by increasing 
the width of the strap, or by making it a double or treble one, 
and this width must in all cases be proportional to T, and not 
to t or Q. 

In Fig. 86, G may represent the engine-shaft, H its crank, 
and P the x)0Wer which is equal to Q. It will be observed that 
the weight C, or pressure on the bearings due to the tension on 
the two straps, and also the maximum tension T, is much greater 
than the power P or weight Q. 

(116.) If the weight Q had been 1*0, the maximum tension 
T would evidently have been 2 * 41 -r- 1 * 41 = 1*71, and the 
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minimum tension <, 1 * -f- 1 * 41 = * 71, and thus we obtain the 
strain in Fig. 37 ; this is the most useful form in which the 
question can be put, as we thus obtain the proportional maTimum 
strain or width of strap for a unit of power at P. 

With a wooden drum the friction of the surfaces is greater, 
and the strains for the weight Q are different, as is shown by 
Fig. 88. Here for ( = 1 we find by Table 27 that T is 4-88, 
and hence Q = 4-88 - 1 = 8*38, as in the figure. For Q or 
P = 1, we should have T = 4-38 -h 8-38 = 1-29, and t = 
1 -7- 8 * 88 = * 29, &c., as in Fig. 39, so that with the same power, 
P, a strap 1*29 inch wide on a wooden drum would do as well 
as one 1*71 inch wide on a cast-iron one, as in Fig. 87. 

(117.) The case of a rigger of cast iron, with more or less 
than half the circumference embraced by the strap, is shown by 
Figs. 40-43. 

Thus in Fig. 40 the arc embraced being -^^ Table 27 shows 
(coL 7) that T = 1-42, and t being 1-0, Q will be 1-42 - 1 = 
•42, as in the figure. For Q = 1 we have T = 1'42 -r- -42 = 
3*88, and < = 1 -^ -42 = 2-38, as in Fig. 41. 

With a crossed strap, as in Fig. 42, the arc embraced being 
T^ths of the circumference, we have T = 3 '43 by Table 27, < = 1, 
and Q = 2-43 ; and hence with Q = 1 we obtain T = 3-43 -f- 
2-43 = 1-41, and < = 1 4- 2-43 = -41, &c., as in Fig. 48. 

Comparing Figi^. 37, 39, 41, and 48 together, it will be seen 
that with the same engine-power the breadth of strap would be 
in the ratio 1-71, 1-29, 3-88, and 1-41. 

(118.) " On ihe Driving Power of Biggera" — ^In applying these 
rules to practice, we might find the safe cohesive strength of 
leather, gutta-percha, or other material by direct experiment, or 
we might calculate it from a satisfactory case in practice. Thus 
let Fig. 37 represent an engine of 5 horse-power, making 50 
revolutions per minute, with equal cast-iron riggers 5 feet dia- 
meter and a single leather strap 7 inches wide. Taking the 
nominal horse-power at 33000 x 1 * 6, or 50,000 foot-pounds (4), 
and the circumference of a 5-foot rigger being 15 * 7 feet, P and 

therefore Q will be ^^ „ — r;^ = 818 lbs. ; from this we find 

16'7 X 60 

the maximum tension on the tight side of the strap, or T, to be 
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818 X 1 * 71 = 544 lbs., and the tension on the slack strap, or 
<, is 818 X * 71 = 226 lbs. The strain on the two bearings or 
C in Fig. 36 is 544 + 226 = 770 lbs. ; the maximum strain 
on the strap is 544 -f- 7 = 78 lbs. per inch wide, or say 810 lbs. 
per square inch of section with leather ^ inch thick. 

(119.) It will be more conyenient, however, for practice to put 
the formula into another form, and obtain the necessary constant 
from experience. Let d = diameter of rigger in inches, to = 
width of strap in inches, B = revolutions per minute, H = 
nominal horse-power ; M = a constant multiplier from practice, 
then we have the rules : — 



d 
E 
H 
M 



(MxH)-T-(dxE) 

(MxH)-^(wxR) 
(MxH)-T-(dxw) 

dxtox R-T-WI 

d X w X R -r H. 



Thus, to find the value of M from the case we have just given, 
the rule M = dx w X R-f- H, becomes 60 x 7 X 50 -t-5 = 4200. 
This applies only to the case in which the circumference is half 
embraced by the strap ; if the strap had been a double one, we 
should have taken 2 w, &c. 

Table 28. — Of the Proportional Width of Straps. 



Arc em- 
braced by 
tbe Strap. 


Power. 
Q. 


OaBt-iron 


Riggers. 
t 


Wooden Drums. 


T 


T 


t 


•2 


10 


3-38 


2-38 


2^25 


1^25 


•3 


10 


2-44 


1-44 


1-70 


•70 


•4 


1-0 


1-98 


•98 


144 


•44 


•5 


1-0 


1-71 


•71 


1-29 


•29 


•6 


1-0 


1-53 


•53 


1-20 


•20 


•7 


1-0 


1-41 


•41 


1*14 


•14 


•8 


1-0 


1-32 


•32 


1-10 


•10 


•9 


1-0 


1-26 


•26 


1^07 


•07 


10 


1-0 


1-21 


•21 


1^05 


•05 


0) 


(2) 


(3) 


(4) 


(5) 


(6) 
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We have seen (116) that the breadth of strap is in all cases 
proportional to T -4- Q ; taking the values of these from cols. 
5 to 8 in Table 27, we obtain the numbers in Table 28, and 
from them we can find the proper breadth of strap in any case. 
Thus, we found that a 5-horse engine, with a 5-foot rigger 
making 50 revolntions, required a single strap 7 inches wide, 
when * 5 of the circumference was embraced ; then, by col. 3 in 
Table 28, with * 2, embraced, the breadth must be 7 X 3 * 88 -r- 
1-71 = 13-8 inches. With -2, -3, -4, -6, -6, and -7, the 
breadths come out 13-8, 10-0, 8-29, 7-0, 6*28, and 5-77 inches 
respectively. 

(120.) Table 29 is an embodiment of these rules, &c. ; and by 
ii we can find to, P, B, or d, by inspection, for arcs between * 3 
and '7, which is sufficient ibr most cases in practice. 

1st. To find the breadth, having the horse-power, revolutions, 
diameter, and arc embraced given, multiply the diameter in inches 
by the revolutions, and opposite the given horse-power look for 
the nearest number thereto, above which and opposite the given 
arc, will be found the breadth of strap required. Thus, for 
10 horse-power, with a 5-foot rigger, only • 3 embraced and 100 
revolutions, we may find the proper width of single strap, 
thus : — d X B is in our case 60 X 100 = 6000, which is found 
opposite 10 hor6e-x)Ower in coL 1, under 10 inches wide for cast- 
iron riggers, or 7 inches wide for a wooden drum, those widths 
being in both cases opposite *3, the given arc. If the rigger 
had been half-embraced, the width would have been 7 and 5 * 3 
inches respectively. With a double strap, opposite 10 horse- 
power in col. 1, 6000 will be found under 5 inches wide for 
cast-iron riggers, and 3*48 inches for wooden drum *3 em- 
braced, &c. 

2nd. To find the power that a strap will carry ; opposite the 
given arc look for the nearest width of strap, and under that find 
the number nearest to (2 x B, opposite to which in column 1 or 2 
will be found the horse-power. Say we require the power of a 
6-inch strap on a pair of equal cast-iron riggers, 4 feet 3 inches 
in diameter with 110 revolutions. With equal riggers the arc 
would be *5, and we should have 51 x 110 = 5610, the nearest 
number to which under 6 inches wide is 5600 opposite 16-horse 
as a double strap, or 8-horse as a single one. 
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Again, to find the power of a 4-mcIi crossed strap on a cast- 
iron rigger, 3 feet diameter, 130 revolutions, the arc being say 
*6. The nearest width opx)Osite the arc *6 is 4*04 inches, 
looking nnder which for 36 x 130 = 4680 we find the nearest 
number to be 4670 opposite 10 horse-power with a double strap, 
or 5-horse with a single one, &c. 

(121.) The best way of ascertaining the arc embraced in any 
particular case is to draw the outlines of the two riggers at the 
given distance of centres to scale, and measuring by steps with 
the compasses the length of strap in inches in contact with the 
rigger ; dividing this by the whole circumference will give the 
arc required : see the examples given in column 6 of Table 30, 
&c. The arc required is always that on the smallest rigger of 
the pair. 

With a pair of riggers of unequal dimensions and of the same 
material the strap will slip first on that rigger whose arc em- 
braced by the strap is the smallest ; with an open strap this is 
always the smaller of the two, except where the conditions are 
altered by a guide-pulley ; in calculating the power of riggers, 
therefore, the small. rigger should always be taken as a datum. 
With a crossed strap, whatever may be the relative diameter of 
the two riggers, the arc embraced will be the same for both, and 
of course it is unimportant which is taken as the basis of 
calculation. 

(122.) Table 30 gives the particulars of many pairs of riggers 
in practice : the cases of failure are particularly instructive, and 
col. 9 show^s that in all the cases failure might have been expected. 

Thus No. 2 required a 13-inch single, or 6^inch double strap, 
and failed with an 8-inch single strap ; when altered to a double 
strap of the same width, it drove well, see No. 3. 

No. 5 failed with a 9-inch single strap to do the work for which 
a 14-inch single, or 7-inch double strap was required. Altered 
to a double strap, it drove well, see No. 6. 

No. 10 required a 10^-inch double leather strap, and a 6-inch 
gutta-percha one failed to do the work; larger riggers were 
substituted, and we then, by col. 9, required a 7-inch double 
strap ; the 6-inch gutta-percha one did the work, but was un- 
sati^actory, requiring resin, &c., to increase its adhesion, see 
No. 11. 
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Table 29. — Of the Driving Power of 



Ratio of the aro 

embraced to whole 

ctrcomference. 


Width of Strap, nr 


•3 
•4 

•5 

•6 
•7 


•99 
•84 
•75 
•70 
•67 


149 
1-27 
114 
106 
1^00 


2^00 
1^69 
1-51 
1-41 
134 


2-48 
211 
l-8i) 
1-76 , 
1^67 , 


3-00 
2-53 
2-27 
211 
2 01 


3^48 
2-95 
2-65 
2 46 
234 




Width of Stbap, in Inches, fos CAgr- 


•3 
•4 
•5 
•6 
•7 


1-43 

1^18 

1^00 

•89 

•82 


2^14 
1-78 
1-50 
1-34 
1-23 


2-86 
2-37 
2-00 
1-79 
1-65 


3-58 
2-96 
2-50 
2-24 
206 


4-29 
3-55 
3-00 
2-69 
2-47 


500 
414 
3-60 
3-14 
2^88 



Nominal Horae-power. 



Single 

Leather 

Strap. 



Double 

Leather 

Simp. 



1 
2 
3 
4 
5 

6 

7 

8 

10 

12 

14 
IC 
20 
25 
30 

35 
40 
60 
60 
70 
80 



2 
4 
6 

8 
10 

12 
14 
16 

20 
24 

28 
32 
40 
50 

60 

70 
80 
100 
120 
140 
160 



DiAHBTBB OF RiOOKB IN INCHES, HDLTI- 



4200 

8400 

12600 

16800 

21000 

25200 
2.M00 
:-i3600 
42000 



• • 



2800 

5600 

8400 

11200 

14000 

16800 
19600 
22400 
28000 
33600 

39200 






2100 
4200 
6300 
8400 
10500 

12600 
14700 
16800 
21000 
25200 

29400 
33600 
42000 



1680 
3360 
5040 
6720 
8400 

10080 
11760 
13440 
16800 
20160 

23520 
26880 
33600 
42000 
50400 

58800 



1400 
2800 
4200 
5600 
7000 

8400 

9800 

11200 

140(»0 

16800 

19600 
22400 
28000 
35000 
42000 

49000 
56000 
70000 
84000 
98000 



1200 
2400 
3600 
4800 
6000 

7200 

8400 

9600 

1200J 

14400 

16800 
19200 
24000 
30000 
3.>000 

42000 
48000 
60000 
72000 
84000 
96000 
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RiOGEEs or Pullets, with Leather Straps. 



Ikches, for Woodbn Drums. 



4-00 


4-47 


5-00 


6-00 


7-00 


8-00 


9-00 


10-00 


12-00 


3-78 


3-80 


4-22 


5-06 


6-91 


6-75 


7-60 


8-44 


10-13 


3-03 


3-41 


3-79 


4-65 


5-30 


6-06 


6-82 


7-58 


9-09 


2-81 


3-17 


3-64 


4-23 


4-94 


5-64 


684 


7-05 


8-46 


2-67 


3*01 


3-44 


4-01 


4-68 


ft-35 


6-02 


6-69 


8-03 



IRON KiGGRRS, TURNKD OR UNTURNED. 



5-72 


6-43 


7-15 


8-58 


10-00 


11-44 


12-87 


14-30 


17-16 


4-74 


5-33 


5-92 


711 


8-29 


9-48 


10-66 


11-86 


14-22 


4-00 


4-50 


5-00 


6-00 


7-00 


8-00 


9-00 


10-00 


12-00 


3-58 


4-04 


4-86 


5-38 


6-28 


7-17 


8-07 


8-97 


10-76 


3-30 


3-71 


412 


4-95 


6-77 


6-60 


7-42 


8-26 


9-90 



PLIED BY BbTOLUTIONS PER MiXUTB. 



1060 


934 


840 


700 


600 


526 


467 


1 

420 


350 


2100 


1868 


1680 


1400 


1200 


1050 


984 


840 


700 


3160 


2802 


2520 


2100 


1800 


1575 


1401 


1260 


1060 


4200 


3736 


3360 


2800 


2400 


2100 


1868 


1680 


1400 


.6260 


4670 


4200 


3500 


3000 


2625 


2386 


2100 


1760 


6300 


5604 


5040 


4200 


3600 


3150 


2802 


2520 


2100 


7360 


6638 


6880 


4900 


4200 


3675 


3269 


2940 


2460 


8400 


7472 


6720 


5600 


4800 


4200 


3786 


3360 


2800 


10500 


9340 


8400 


7000 


6000 


5250 


4670 


4200 


350:) 


12600 


11208 


10080 


84U0 


.7200 


6300 


5604 


5040 


4200 


14700 


13076 


11760 


9800 


8400 


7360 


6538 


5880 


4900 


16800 


14944 


13440 


11200 


9600 


8400 


7472 


6720 


5600 


21000 


18680 


16800 


14000 


12000 


10600 


9340 


8400 


7000 


26-250 


23350 


21000 


17500 


15000 


13126 


11675 


10500 


8750 


31500 


28000 


25200 


21000 


18000 


15750 


14010 


12600 


10500 


36';50 


32690 


29400 


24600 


21000 


1837.5 


16345 


14700 


12260 


42000 


37360 


33G00 


28000 


24000 


21000 


18680 


16800 


14000 


52500 


46700 


42000 


35000 


30000 


26250 


23360 


21000 


17500 


63000 


56040 


50400 


42000 


36000 


31600 


28020 


25200 


21000 


73500 


65380 


58800 


49000 


42000 


36750 


32690 


29400 


24500 


84000 


74720 


67200 


66000 


48000 


42000 


37360 


33600 


28000 
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BIGGEBS— GENERAL PBOPOBTIONS. 9Y 

No. 16 required a 10-incli single or 6-iiicli double strap, and 
failed to do the work with a 6-inch single strap ; altered to a 
double strap it was satisfactory, see No. 17. 

No. 20 failed with a 6-inch single leather strap to do work 
which by col. 9 required a Q^inch strap : larger riggers were 
substituted, a 6-inch strap was then required, and the strap of 
that width drove well, see No. 21. 

It will be observed that in Nos. 2, 6, 16, the difficulty was 
overcome by converting the single strap into a double one ; and 
in Nos. 10 and 20, by using larger riggers. 

Circular saws and some other kinds of machinery require 
extra strength of strap, as shown by No. 14, and explained in 
(87). 

PBOPOBTIONS or BIGGEBS. 

(123.) " 27*6 Proportums of Arms, dtc,^ of Biggers** — The 
number, form, and strength of the arms, &c., of riggers is 
important, not only as a matter of taste, but also as affecting 
the safety in casting, for if the proper proportion between the 
strength of the arms and rim be not preserved, one or other is 
very likely to fly in cooling or to give way when set to work. 
Curved arms are the safest in this respect, their form permitting 
them to give way and allow the rim to contract in the casting. 
The particular curves to be used are arbitrary to some extent, 
depending on taste ; a good form is shown by Fig. 32, and may 
be described as follows : — Draw the line A, B, and the line C, D 
perpendicular to it ; from the point E on the line A, B, with 
a radius of ^th the diameter of the rigger, draw the curve F, 
and from the point 6 in the line C, D, with a radius ^th of the 
diameter, draw the curve H, and we thus obtain the centre lines 
of one of the arms. 

(124.) Straight arms are generally preferred to curved ones, 
and when properly proportioned will cause no trouble from 
contraction in casting. The best form of section of the arm is 
an oval, but should not be a true ellipse, which has a heavy 
appearance ; it should be drawn with a single curve having a 
radius about |ths of the width of the arm, and the thickness 
may be half the breadth, as in Fig. 33, the sharp point at A 

n 
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and B being rounded ofL The number of the arms iB arbitrary, 
but in most cases four will suffice for diameters under 18 inches, 
six may be used up to 8 or 9 feet, and eight for larger dia- 
meters. 

(126.) ^Strength of Attim" — Admitting that the ihichneas of 
aim is in all cases hidf the breadth, as in Fig. 83, its strength 
will vary as the cube of the breadth, and we have the following 
rules: — 



B = ^ jdXw)-r-(Nx4| 
h -^{dxw)-T-(Nx8[ 



In which d = the diameter of the rigger in inches : w = width 
of the rim in inches ; B = breadth of arm at base ; b = breadth 
of arm at the point ; and N = number of arms. Table 81 has 
been calculated by this rule. 

(126.) " Strength of the Metal round the Eye^—The strength 
of metal in the boss varies not only with the diameter of the 
rigger, but also with the size of the shaft. Putting D for the 
diameter of the rigger in feet, d for the diameter of the shaft 
in inches, and t for the thickness of metal in ^ths of an inch^ 
we have the rule : — 

Table 82 has been calculated by this rule, which has been 
foimd to agree very well in practice. The proper size of key 
and form of key-boss, &c., for riggers may be found by reference 
to Chapter V. 

(127.) The expariments of Morin show, as we have seen 
CI 18), that the power transmitted by cast-iron riggers is the 
same whether the rim be turned or not ; but for rapid velocities 
it is necessary to turn the rim both inside and outside for the 
purpose of preserving the balance. When a rigger, &c., is 
out of balance, which will generally be the case as it leaves the 
sand, it exerts a violent shaking action on any machine to which 
it is attached, which may be injurious and even destructive, 

(128.) ^^ Bounding Face for Biggera" — Where there is no 
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Table S2* — ^Of the Thickness of Metal Round^ tbe £te of 

RlGQEBS. 



Dianieter 

of Rigger, 

in Feet 



1 
2 
3 
4 
5 

7 
8 
9 



DiAXKTKE or Shaft, nr Ihches. 




Trickkkss roukd Ete, dt Irchu. 



1 


H 


n 


H 


H 


H 


1* 


H 


1* 


If 


• • 


H 


• • 
1 


If 


• • 


2 


• • 

1 


^ 



H 


H 


If 


H 


If 


If 


If 


H 


H 


If 


H 


2 


H 


2 


2f 


2 


2* 


2f 


^ 


2f 


2f 


H 


2f 


2* 



guide lever the surface should be turned rounding, say to the 
extent of ^ inch per foot in width of rim ; the effect of this is 
to cause the strap to keep in the centre notwithstanding slight 
errors in fixing, <&c. 

When a rigger is intended to run loose on a shaft, the boss 
should be made very deep, not less than the width of the rim of 
the rigger in most cases, and bashed at both ends or throughout 
with gun-metal. 

(129.) " Weight of Biggers,''* — The weight of riggers varies 
very much with the proportions adopted, and must be calculated 
in each case. But where the proportions are good, and the width 
varies with the diameter in the ratio /^D x 4 = &, in which D = 
diameter in feet and h = breadth in inches, the weight may be 
approximately calculated by the rule : — 

W = D2 X 30 -f- V D 

In which D is the diameter in feet and W = the weight in lb& 
Table 33 is calculated by this rule, which agrees very well with 
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experience. For riggers of other widths and proportions of 
arms proper allowance must be made for such variations from 
the conditions assumed in the Table. 

Table 33. — Of the Weight of Riggers. 



Diameter. 


Width In 
Inches. 


Weight. 


. Diameter. 


Width in 
InobeSb 


Weight 


ft. in. 
1 


4 


cwt. qrs. lbs. 
16 


ft in. 
3 


«* 


cwt. qrg. lbs. 
1 1 16 


1 3 


H 


1 14 


3 6 


c* 


1 3 


1 6 


H 


1 27 


4 


6* 


2 16 


1 9 


^ 


2 14 


4 6 


6| 


2 2 6 


2 


5 


3 1 


5 


6* 


3 


2 3 


5i 


3 17 


5 6 


7 


3 1 23 


2 6 


5^ 


1 6 


6 


7i 


S 3 21 


2 9 


H 


1 25 


7 


7f 


4 3 23 



CHAPTEB V. 



ON THE PBOPOBTIONS OF SETS FOB WHEELS AND BIOOEBS. 

(130.) There are five principal ways in which wheels, &c., 
may be secured to their places, and they are shown by Figs. 
19-23. There are considerable differences in the relative effi- 
ciency and costliness of the different modes, and it must be left 
in most cases to the judgment of the engineer to select the quo 
which will answer his purpose best. 

Fig. 19 is a "hollow key," and is adapted only to turned 
shafts and bored wheels or riggers which have little work to 
do. The key is sunk into the boss of the rigger and is hollowed 
out to fit the shaft ; it therefore drives only by friction, and is 
seldom used for anything but riggers with very light work. It 
has this advantage over other forms, that it allows the rigger 
to be easily shifted to another position on the shaft, and to 
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be made secnie at any point without anj preparation of key^ 
bed, &o. 

Fig. 20 is a '^ flat key," and is capable of carrying considerably 
more power than the hollow key ; a flat is filed on the shaft to 
receiye it, and it is sunk in the boss of the rigger or wheeL 
This is the common mode of fixing all riggers except those of 
the largest size, and may also be used for small wheels that are 
not very heavily loaded. 

Fig. 21 is the ^ sunk key," and this is the most useful and 
trustworthy form of key for round shafts where the strain is 
heavy, which is always the case with powerful wheels and 
riggers. 

(181.) '' Proportions far Sunk Keys'* — ^The sizes of sunk keys, 
and the depth to which they should be sunk in the shaft and in 
the boss of the wheel or rigger, are governed by the diameter 
of the shaft, but are not in simple proportion to the diameter. 
The following empirical rules are dictated by experience : — 

B = (D-f-4)+ -126 
T = (D-T-11)+ -16 
d = (D4-40)4- -075 
d' = T - rf 

In which D = the diameter of the shaft in inches, B = the 
breadth of the key in inches, T = the thickness of the key, d = 
the depth sunk in the shaft measured at the side of the key (see 
Fig. 1), and d' = the depth sunk in the boss of the wheel, also 
measured at the side of the key. Table 84 is calculated by these 
rules, and the scales H9 J, K, give the same particulars by direct 
measurement : to use these scsJ.es, the diameter of the t^aft. on 
the scale is to be taken by a rule or in the compasses, and gives 
the required dimension direct. Fig. 47 and Plate 10 give the 
proportions of sunk keys for shafts from 1 to 10 inches diameter, 
full size. 

The breadth of the key should be equal from end to end, 
that is to say, it should be parallel, but the thickness must be 
regulated to give a uniform taper for the purpose of fitting 
tightly in its place. The amount of taper should be about ^th 
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inch to a foot in length, and the same must be given to the 
key-seat in the boss of the wheel and not to the key-bed in 
the shaft 

Table 34. — Of the Pboportions of Sxtnk Keys for Wheels and 

HiGGEBS. 



Diameter of Shaft, inches 


1 


2 


3 


4 


5 


6 


Breadth of key .• inches 


* 


1 


i 


H 


If 


If 


Thickness of key „ 


•25 


•34 


•43 


•52 


•61 


•71 


Depth sunk in shaft „ 


•10 


•125 


•15 


•175 


•20 


•225 


Depth sunk in wheel „ 

1 


•16 


•215 


•28 


•345 


•41 


•485 


Diameter of Shaft, inches 


7 


8 


9 


10 


11 


12 


Breadth of key .. inches 


H 


24 


2J 


2| 


2i 


3f 


Thickness of key ,, 


•80 


•89 


•98 


107 


116 


1-25 


Depth sunk in shaft „ 


•25 


•275 


•30 


•325 


•35 


•375 


Depth sunk in wheel „ 


•55 


•615 


•68 


•745 


'81 


•875 



Note. — The depth sunk in the shaft and in the wheel is measured at 
the side of the key, and not at its centre, see (131) and Fig. 1 ; also the 
scales, H, J, K, Plate 4. 

(132.) Fig. 22 shows the plan of hanging a wheel or rigger 
with four keys. It is commonly used for unturned shafts and 
nnbored wheels. In this case there are four flat key-seats on 
the shaft ; the keys may have the same proportions as in Table 
84. The space between the shaft and the eye of the wheel 
allows for irregularities in casting, &c., and the exterior circum- 
ference of the rigger, or pitch-circle of the wheel, may be adjusted 
to run truly by regulating the thickness of the keys. The same 
plan is frequently adopted with square shafts, as shown by the 
dotted lines at B in Fig. 22. 

(133.) Fig. 23 gives the mode of fixing a wheel, &c., on a 
square shaft with eight keys. It is undoubtedly the most secure 
of all, and the most reliable where the strains are very great. 
In fitting a wheel on this principle four temporary keys are 
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inserted at a, h, c, d, and by them the pitch-circle of the wheel is 
truly centered. The permanent keys are then accurately fitted 
with a taper of -|th inch to a foot, <&c., &c. 

(134.) "Ecy-ftoM for Strengthening the £cy-iwiy."-— When a 
key-way is cut in the eye of a wheel or rigger, the boss is 
obviously weakened at that point, and a key-boss is necessary 
to restore the strength. The principles on which this should 
be done are not well understood by many practical millwrights. 
We sometimes see a key-boss like Fig. 10, the length of B being 
little greater than the width of the key A ; the result is that 
the key-boss is useless, for the line of fracture a c takes the 
shortest course, as shown by the figure; and that course is 
obviously not lengthened by the boss B. The length of the 
course of fracture should be at least equal to the ordinary 
thickness of metal round the eye ; in fact, it should be rather 
more, for it is well known that where there is a sharp comer, as 
at c, which may be regarded as an incipient crack, fracture 
is more likely to ensue than where no such angle is found. It is 
therefore advisable to make the shortest distance from c — say 
^ inch more than the thickness of metal round the eye. The 
key-bosses in the wheel and pinion (Fig. 7) are drawn on these 
principles, by taking a radius ^ inch greater than the thick- 
ness of the boss and from the comer of the key, drawing the 
arcs o p and q r, and completing the key-boss by drawing the 
arc p q with the radius p to. 



CHAPTEE VI. 

EXAMPLES OF GKABINO IN PBAGTIGE. 

(135.) The investigation of the works of good engineers is very 
instructive, and will enable us to test the accuracy of the rules, 
and to illustrate their application not only to ordinary but also 
to special cases. We have shown (69) (85) that exceptional 
cases are numerous, too much so indeed to be comprehended in 
any general rules ; all that can be done is to show by the 
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analysis of some sncli cases, the general principles by which the 
engineer most be guided. Another result will be to show that 
the rules must not be used blindly ; however perfect rules may 
be, there will always remain the necessity for the exercise of 
thoughtful judgment and practical experience. 

(136.) " Gearing to S-thraw Parnp."— Fig. 46 shows the 
arrangement of the gearing for a set of 3-throw pumps at 
Sutton, llf inches diameter, 2 feet stroke, designed to raise 
400 gallons per minute 200 feet high for low-service, and 200 
gallons 400 feet for high-service ; in either case the useful work 
done was 4000 x 200-7-33000 = 24-2 horse-power, but the 
engine was of 20 horse-power nominally. 

The wheels A, B for low-service were 5 feet 9|^ inches, and 
2 feet 3^ inches diameters, 2f inches pitch, 7} inches wide; 
with 36 revolutions the power of B by the rules in (60) 

would be V2-26 x 36 x 2J2 x 7^ X '043 = 22-horse. The 
wheels C, D were 6 feet 8^ inches, and 1 foot 4^ inches 
diameters, bare 3 inches pitch, 8^ inches wide, and the power of 

D = v'1-349 X 36 X 3^ x 8^ x '043 = 23-horse. The pinions 
B, D were fixed on one barrel so as to slide endways into and 
out of gear with their respective wheels, care being taken to 
allow at S sufficient clearance so that B was fully out of gear 
with A before D came into gear with C. 

(137.) As to the strain on the crank, it will be observed, that 
it is obviously a maximum at high-service, having then the 
same work to do as at low-service only at half the speed. The 
sizes may be calculated by the method explained in (105): for 
wrought iron, with 20 horse-power and 7*28 revolutions, the 
diameter of main bearing F comes out (20 x 160 -r- 7*28) 
^ =7'6, say 7J inches, therefore 7*5 x 1'2 = 9 inches at the 
iding-bearings, G, 6, G. 

This gearing was tested severely by working the pumps at the 
quick speed, delivering 400 gallons against a total head of 260 
feet, as measured by a pressure gauge on the main. The work 
done in that case was 4000 X 260 -f- 33000 =: 31 • 5-horse ; the 
wheels, which as we have seen were of 22 horse-power, were 
strained 81*6 -r 22 s 1*48, or 43 per cent above their normal 
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povrer, bat seemed to bear it very well for the limited time that 
the experiment lasted. The speed conld not be maintained with 
less than 47 lbs. steam in the boiler. 

(188.) A similar set of pmnps and gearing was used at Seven- 
oaks, except that the wheels A^ B were 6 feet 1^ inch and 1 foot 
llf inches diameters, giving to the crank, speeds of 7*28 and 
11 ' 14 revolutions per minate, equal to 205 gallons against 454 
feet head, or 205 x 10 X 4544-33000 =28-2 horse-power, 
and 314 gallons against 276 feet head, or 314 X 10 X 276 
-r- 33000 « 26-3-horse. The calcukted power of the high- 
service wheels C, D would be 23-horse as before (136), and that 
of the S-throw crank 20-horse (137), the wheels were therefore 
strained 28 * 2 -7- 23 = 1 * 23, or 23 per cent., and the crank 
28*2 -7- 20 = 1*41, or 41 per cent, above their normal power, 
but both were satisfactory in practice. 

(139.) " Catrine Waier-noheel Gearing !* — Fig. 49 gives an 
outline of these overshot water-wheels and their gearing as made 
by Fairbaim. The design was for four wheels, but two only 
were made ; each wheel used 30 tons of water with a fall of 48 
feet, equal to 2240 x 30 x 48 -i- 33000 = 98 horse-power 
gross, or 49 nominal horse-power by our standard (4) ; the com- 
bined power of the two water-wheels being therefore 98-horse 
nominal. 

The wheel A was an internal one 48^ feet diameter, 3| inches 
pitch, 15 inches wide, and 1^ revolution per minute, equal by 
the rules in (60) to >/48*5 x 1*5 X 3^^ x 15 X '043 = 58 
nomiual horse-power : the wheel B being similar to A we have 
116 horse-power collectively. The pinions C, D were 5^ feet 
diameter, and drove the central wheel E, 18 feet 3f inches 
diameter, Z\ inches pitch, 16 inches wide, 13*3 revolutions p^ 

minute, whose power by the rule comes out Vl8'3 x 13*3 X 
8^^ X 16 X *043 = 113*l-horse nominal, or nearly the same as 
that of the two pinions C, D ; the pinion F was 5^ feet diameter. 
The mitre bevel-wheels G were 7 feet diameter, 3^ inches pitch, 
18 inches wide, but the reduced mean sizes (64) were 6 feet 
diameter, 3 inches pitch, and the calculated power becomes 

V6 X 44 X 3^ X 18 X '043 = 113*2-horse nominal, or nearly 
the same as the others. These wheels G are stated to have 
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been designed to cany the combined power of the fonr water- 
wheels, or 98 X 2 = 196 horse-power nominal, for which their 
strength seems to be quite inadequate. 

Mr. Fairbaim also states that these two water-wheels were 
designed to work up to a maximum power of 240 horses, or 
120-llorse each, which being equivalent to the iridicated power 
of a steam-engine, would by our standard (4) be equal to 
120 X 2 -r- 3 = 80 nominal horse-power, or 160 for the two 
water-wheels. 

The calculated powers 113*1, 113*2 and 116 horse-power 
were intermediate between 98 and 160, the actual mean and 
maximum powers. 

(140.) " Ootton-mill, Saltaire" — The gearing in this case 
together with the engines of the reputed or nominal power of 
200 horses were by Fairbaim, and drove a cast-iron shaft 
10 inches diameter making 94 revolutions per minute, which 
appears to be of extraordinary strength ; but Fairbaim states 
that the indicated power of the engine was 600-horse, which, 
taken as the ^oas power, is equivalent to 300 nominal horse- 
power by our standard ; then, by the rules in (75), taking the 
value of M for cast iron at 254, we obtain (300 x 254 -7- 94) 
/^= 9| inches diameter, or | inch less than the actual size. 
This shows the importance of using the indicated rather than 
the reputed nominal power of the maker as the basis of calcula- 
tion whenever it is possible to do so (6) ; for instance, if we had 
taken the reputed power in this case, the diameter would have 
come out (200 x 254 -i- 94) >y = 8^ inches only. 

(141.) " Cotton-mill, Russia" — This is another of Fairbaim's 
works, in which a pair of engines of the reputed nominal power 
of 160 horses, but capable of working up to 600 gross indicated, 
was placed in the centre of a long line of cast-iron shafting 
which made 80 revolutions per minute. Here each shaft carried 
half the power or 300 gross indicated, which by our standard is 
equal to 150 nominal horse-power, and the calculated diameter 
is (150 X 254 -r 80) ^ = 7\i inches, or ^ inch less than the 
actual size. If we had taken the reputed power we should have 
obtained (80 x 254 -r- 80) ^ » 6| inches diameter only. 

The preceding oases are examples of the application of the 
rules to gearing working under ordinary conditions, where the 
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work is steady and uniform or nearly so (69); those which 
follow are of a different character. 

(142.) ^ Steam Oorn-f»t2Z at Poole," — The arrangement of the 
engine and gearing in this mill is shown hy Fig. 50 ; there were 
eight pairs of 4-feet French stones, each grinding about 4 bushels 
of wheat per hour, equal to 4-horse indicated, or 3-horse nominal 
(4) and 8x8 = 24-hor8e total for grinding. The shaft E drove 
the dressing machine, bolter, and sack-tackle ; to dress a 
bushel of flour requires about ^th of an indicated horse-power, 
and as we have 32 bushels per hour we have 32 -7- 4 = 8-horse 
indicated or 8x2-^3 = 5*3 horse-power nominal for dressing; 
adding, say 1 * 7-horse for the bolter and sack-tackle, and we find 
that the shaft E carries 7 horse-power. 

As explained in (70) the surging action of millstones, due to 
irregular momentum, necessitates extra strong gearing ; in our 
case the mortise bevel-wheels were 5 feet 5 inches, and 1 foot 
4-j^ inches diameters, 2 inches pitch, 4f inches wide ; but the 
reduced mean diameter (64) of the pinion was 1 * 3 foot, and its 
mean pitch 1 * 85 inch, hence the calculated power by the rules 

in (60) with 125 revolutions becomes Vl-3 x 125 x 1*852 x 
4*75 X *05 => 10*36 horse-power, so that we have an excess of 
10*36 — 3 = 7*36 horse-power. Say we take the excess at 
7-horse, and admit that 3 out of the 8 pairs (88) are taking 
7 + 3 = 10 horse-power, and the rest the normal amoimt of 
S-horse. Then, the cast-iron shaft J, as we have seen, carries 
7-horse, or the same as E, and with 31 * 8 revolutions, should be 
4 inches diameter by Table 36. The shaft H carries 7 -h 3 
-f- 7 = 17-horse = 5^ inches diameter ; the shaft G = 17 + 8 
^. 7 = 27-horse, and 6 inches diameter ; the shaft F = 27 -h 
3 4. 7 = 37-hor8e, and 6^ inches diameter ; the shaft E = 37 
-(- 3 = 40-horse, and the diameter by the rule in (75) is 
(254 X 40-T-31-8) V = 6| inches; the shaft D « 40 -f- 3 = 
43-horse, and (254 x 43 -7- 31*8) >^ = 7 inches diameter ; the 
shaft C = 43 + 3 = 46-horse, and (254 x 46 -f- 31*8) ^ = 7^ 
inches diameter ; the shaft B = 46 + 3 = 49-horse, and (254 
y 49 ^ 31*8) iy = 7^ inches diameter ; and, finally, the idiaft 
A = 49 + 3 = 52-horse, and (264 x 52 -r 31-B)y = 7^ inches 
diameter. 
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(143.) The shafting, which was of turned cast iron, was 
nearly of the calculated sizes, except toward the remote end, 
where it was considerably stronger, notwithstanding which, it 
was not at all satisfactory ; its elasticity was such that the last 
two or three pairs of stones drove so unsteadily that eventually 
the shaft K was removed to the position L, which had the 
desired effect. It will be observed that the combined calculated 
strength of the bevel- wheels was 10*36 x 9 = 93-horse, the 
maximum power of the shaft = 62-horse, and the maximum 
useful work done in grinding and dressing, &c. (3 x 8) -|- 7 = 
31 horse-power ; usually, however, one pair of stones would be 
up to be dressed, and the power would then be 28-horse. The 
engine, nominally of 25 horse-power, did the work satisfac- 
torily ; but obviously, if that reputed nominal power had been 
taken as a basis in calculating the sizes of the shafting the 
result would have been an utter failure. 

(144.) « Water Corn-mill, Bishopa-StoHford:'— The outline of 
this mill is given by Fig. 51 ; it consisted of a common breast 
wheel, with 7 feet 3 inches fall, which drove four pairs of 4-feet 
French stones, and the usual dressing machine, bolter, sack- 
tackle, &c. Each pair of stones grinding 4 bushels of wheat 
per hour, required 4-horso indicated or 3-horse nominal power, 
we had therefore 3 X 4 = 12 horse-power for grinding ; to 
dress 16 bushels of flour requires 4-horse indicated or 4 x 2 
-7-3 = 2' 7-horse nominal, and adding say 1 * 3-horse for bolter, 
&c., gives a total of 16 nominal horse-power. 

The wheel A was an internal one, iron-and-iron, 8 feet 3f 
inches diameter, its pinion B, 3 feet 6| inches diameter, 2| inches 
pitch, 6 inches wide, and the power by the rule in (60) is 

V3-7 X 11-52 X 2^2 X 6 X -043 = 12-74-horse, or 20 per 
cent, less than the strength required, notwithstanding which it 
appears to have been satisfactory in practice (147). 

The mortise bevel-wheels C, D were 7 feet 5y*^ inches, and 
3 feet 3| inches diameters, 2f inches pitch, 5| inches wide. 
The reduced mean diameter (64) of C was 7 feet, and pitch 

2 • 58 inches, hence the power is a/7 X 11*52 x 2*582 x 5*75 x 
•05 = 17-19-horse. 
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The spnr-mortise^wheelB E, F were 7 feet 1-^ inoh, ftnd 
1 foot 5| inches diameters, 2 inches pitch, 4| inches wide, and 

the calculated power of the stone pinion F is Vl'47 x 12^ X 
2' X 4*75 X *05 = 12*88-horse : as there were four snch 
. pinions, their coUective power is 61*52-horse. 

The mortise hevel-wheels G, H drove the dressing and sack-* 
tackle, and were 5 feet 6j^ inches, and llf inches diameters. 
If inch pitch, 4 inches wide ; the reduced (64) mean diameter 
of G is 5 feet 3 inches, and pitch 1 * 66 inch, hence the power is 

V6*25 X 26*12 X 1*66^ x 4 x •OS = 6'46-horse. 

(145.) Now, the pinion D has to drive wheels of the collective 
power of 51 * 52 -|- 6 ' 45 = 58-horse, and yet its calculated power 
as we have seen is only 17'19-horse, or 7 per cent, only in 
excess of the mean work done, namiely, 16-horse ; the case is 
exceptional, and is governed by the strength which the stone 
pinion requires to bear occasional shocks as explained in (70) 
(87). But this extra strain would in all probability occur with 
one pair of stones only, at the same moment, and the other 
three pairs would at that time be taking the normal amount 
of 3-horse, so that the combined strain on the large wheel E 
would be 9 -j- 13 = 22-horse, instead of &1 * 52-horse. Even 
this reduced strain does not appear to be transmitted to the 
general gearing, for adding 4-horse for dressing, the strain 
becomes 22 -|- 4 = 26-horse, while the strength of the wheels 
C, D is 17-19, and of A, B, 12-74-horse. The probability is, 
that the four stone pinions and the wheel E, equalize the strain 
among themselves, so that when an occasional momentary strain 
occurs to one of them, it is absorbed by the others, and thus the 
mean strain alone is borne by the general gearing. We have in 
our case, four stones, weighing 14 cwt. each, making 125 revo- 
lutions ; these would in effect become so many fly-wheels, and 
would act as such in absorbing and equalizing the extraordinary 
strain to which one or more might be subjected for a few 
seconds. 

This principle of mutual giving-and-taking, and of equaliza- 
tion as the result, applies only to cases where there is a very 
dose connection, as in the one we have considered, where several 
pinions are geared into one main wheel : where each pinion has 
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its own driving wheel, with a length of shafting between each, 
as in the last case (142), the principle of equalization does not 
seem to apply. 

(146.) " Water Com-mill, BiaelyJ' — Fig. 62 gives an outline of 
the gearing of this mill, which is somewhat similar to the last 
example, and will illustrate the same general principles of con- 
struction. In this case there was a breast wheel 14 feet diameter, 
with a fskll of 5^ feet, which drove four pairs of 4-feet French 
stones, and the usual dressing tackle, &c. The useful work 
done is the same as in the last example (144), namely, 12-horse 
for grinding, and 4-horso for dressing, or 16-horse total. 

The wheel K was a bevel-mortise, 10 feet 3^ inches diameter, 
and its pinion L = 3 feot 1^ inch diameter, 2| inches pitch, 
Q^ inches wide; the reduced (64) mean diameter of K was 9 feet 
9 inches, and pitch 2f inches, hence the calculated power by 

the rules in (60) is V9-76 x 6-65 x 2f x 6-125 x -05 = 
15*66, or very nearly the mean power required. 

The spur-mortise-wheels M, N were 9 feet 7 inches, and 
1 foot 5^ inches diameters, 2^ inches pitch, 5^ inches wide, hence 

the calculated power of the stone pinion N is Vl'44 x 125 
X 2^2 X 5-6 X -05 - 16-6-horse, which is 16-6 - 3 =13-6- 
horse in excess of the mean power required to drive the stones. 
In this case, as in the last, the strength of the stone pinion 
is adapted to the maximum strain to which it is exposed, but the 
strength of the rest of the gearing is adapted to the mean strain, 
or useful work done, as explained more fully in (145). The 
water-wheel was a wooden one, with thirty-six open buckets, 14 
inches deep, and the speed of the bucket was 4*14 feet per 
second. 

(147.) " Water-wheel and Bag^engines, DartfordJ* — As stated 
in (89) the rag-engines used in paper-mills to grind the rags to 
pulp are exposed to excessive shocks, and require gearing of 
extraordinary strength compared to the mean power required 
to drive them, and it will be instructive to see how far the 
general gearing driving several rag-engines is affected thereby. 

Fig. 56 gives an outline of the gearing for four rag-engines, 
driven by a common breast wheel 18 feet diameter, the speed of 
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bucket being 4 * 37 feet per second. The mean power required 
by an ordinary rag-engine being 6-horse nominal, we have 24 
horse-power in our case. 

The iron-toothed first-motion wheels A, B were 10 feet 
6 inches, and 4 feet 4^ inches diameters, 2^ inches pitch, 
8f inches wide, the power of A, calculated by the rules in (60) is 

V 10-5 X 4-~37 X 2i* X 8-75 X -043 = 16-horse; but the actual 
power as we have seen was 24-horse, or 50 per cent, in excess of 
the calculated power ; these wheels were too weak, and as the 
result gave much trouble, on two occasions a tooth broke; 
eventually stronger wheels were substituted. In (138) we had a 
case where wheels were strained say one-sixth of their time (when 
working on high-service) 23 per cent, above their calculated 
power ; and in (137) for a few hours 43 per cent., which seems 
to be the utmost limit. With 50 per cent, as in our present 
dase, they will sooner or later break down. The GO-horse wheels 
in Table 10. broke after a year or two with a strain 60 -r 51*1 
= 1 * 17 or 17 per cent, only in excess of their calculated power, 
but the work done, namely, driving rag-engines, was of an 
exceptional character (70) (151), for which sufficient allowance 
was not made (89). 

The mortise-wheels C, D were 9 feet 7^ inches, and 4 feet 
4^ inches diameters, 2f inches pitch, 6 inches wide ; hence the 

calculated power of C is V9-6 x 10^46 x 2|2 x 6 x • 05 = 
22 • 74-horse, which is pretty nearly the mean power required ; 
these wheels gave no trouble. 

The mortise- wheel E was 11 feet If inch diameter, 2^ inches 
pitch, 5 inches wide, and drove two pinions F, 1 foot 7^ inches 
diameter, the calculated power of which is Vl"65 x 160 x 2^^ 
X 5 X • 05 = 25 • 4-horse, and as with the two wheels E, E there 
were four such pinions, we have apparently a strength of gearing 
equal to 25 • 4 x 4 = 101 • 6 horse-power ; but, as we have seen, 
the pinion D which drives the whole satisfactorily, was of only 
22 • 74 horse-power. 

As stated in (89) the extraordinary strain, to meet which such 
great extra strength is required, is occasional and temporary 
only, and is not likely to happen with more than one engine at 
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the same time; still we should have expected that this extra 
strain would have required extra strength, not only in the 
pinion and shaft, which receives the first shock, but also in a 
modified degree by all the rest of the gearing. The fact seems 
to be that the two large and heavy wheels E, E act as fly-j 
wheels, absorbing and' equalizing the extra strain which they 
occasionally receive, and transmitting to the rest of the gearing 
a moderately regular resistance. 

It should be observed that while the calculated power of the 
two pinions F, F is 25-37 X 2 = 50-74-horse, that of the wheel 
E which drives them is only 25 * 37-horse by the same rules. 
The case of wheels driving two or more pinions is apparently 
anomalous and exceptional. It is investigated more fully in 
(71). 

(148.) " Waier-wheel and Bag-engines, Foots Cray," — A very 
similar case to that we last considered, is shown by Fig. 54, 
where we have an overshot water-wheel, with 15 feet fall, driving 
four rag-engines, requiring 4 x 6 = 24 horse-power as before. 

The iron-toothed wheels A, B were 10 feet 0^ inch, and 
5 feet 3 inches diameters, 3 inches pitch, 7^ inches wide. The 
calculated power of A by the rules in (60) is V 10 x 5 • 09 X 
32 X 7| X '043 = 20'7-horse. The power they had to carry 
being 24-horse, was 24-4-20*7 = 1*16 or 16 per cent, in excess 
of the calculated power, but they gave no trouble in practice. 

The mortise- wheels C, D were 9 feet 7-j^ inches, and 5 feet 
0| inch diameters, 2| inches pitch, 6 inches wide ; hence the 

power of D = V5^03liri8-61 x 2|2 x 6 X -05 = 22-horse. 
The mortise-wheel E, 13 feet 1^ inch diameter, 2^ pitch, 
5 inches wide, drove two pinions F,*F, 18f inches diameter, the 

calculated power of which is V 1 * 55 x 158 x 2 J* x 6 x * 05 
= 19 * 8-horse, and this of course would be the calculated power 
of the wheel E supposing that it drove only one pinion (71). 
But in our case we have two wheels E, E, and four pinions, the 
combined power = 19*8 X 4 = 79*2-horse; but, as we have 
seen, the pinion D which drives the whole is 22-horse only. 
The explanation of this apparent anomaly will be the same as for 
the parallel case in (147). 

I 
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(149.) '< 2nd Watershed, dx., Foots Cray."— This case, shown 
by Fig. 55, is rather different to the last, as we ha^e only two 
rag-engines instead of four ; in other respects it was very similar. 
The water-wheel was precisely the same as the last, except that 
the width was reduced to about half, or in proportion to the 
power required, which now becomes 12-horse. 

The iron-toothed wheels A, B were 9 feet 9^ inches, and 
5 feet 0| inch diameters, 2} inches pitch, 6 inches wide, = 14*3- 
horse by the rules in (60). The mortise-wheels C, D were 
9 feet 6f inches, and 6 feet 0^ inch diameters, 2^ inches pitch, 
5^ inches wide, and the power = 17*38-hor8e. The wheels 
E, F were the same in all respects as before (148), and their 
power = 19 * 8-horse, or 39 * G-horse for the two pinions. In this 
case all the wheels were somewhat stronger than necessary, and 
they increased in strength progressively from the water-wheel to 
the rag-engines, being 14 * 3, 17 * 38, and 19 * 8-horse respectively. 
This seems to be right in principle where the work is of such a 
character as to cause violent temporary shocks, such as crushing 
and rolling mills, for although the gearing attached to the 
machine may take the brunt of the extra strain, and by its 
vis inertia may absorb much of it, still a portion must be 
transmitted to the intermediate gearing next following, and 
another and still smaller portion to the first-motion wheels. 

(150.) " Water-wheel and Bag-engineSy Poyle." — In this case, 
shown by Fig. 53, we have an arrangement similar to the pre- 
ceding, except that there were three pinions working in one 
driving wheel. A breast water-wheel 16 feet diameter, with a 
fall of 6 feet, drove three rag-engines equal to 18 nominal horse- 
power, the speed of the bucket being 5 feet per second. 

The iron-toothed spur-wheels O, P were 12 feet 3 inches, 
and 3 feet 7f inches diameters, 2| pitch, 6^ inches wide, and 
18*1 horse-power by the rules in (60). The mortise-wheels 
B, S were 12 feet 0{% inch, and 18^ inches diameters, 
2^ inches pitch, 4f inches wide ; hence the power of each rag- 
engine pinion was 23-horse, an excess of 23 — 6 = 17-horse. 
The strength of the three pinions was 23 X 3 = 69-horse, but 
the strength of the pinion P which drove the whole was 18* 1- 
horse only, or almost exactly the mean power required to do the 
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work. The explanation of this apparent anomaly has already 
been given in (145), &c., and need not be repeated here, 

(151.) " Steam-engine and Bag^engineSy Dartford*^ — Fig. 67 
shows the arrangement of a pair of donble-cylinder or ^ Woolf " 
engines, collectiYely of 90 nominal horse-power, which drove 
fourteen rag-engines, allowing G^horse for each. 

The first-motion wheel A was an internal one 16 feet 8^ 
inches diameter, 3 inches pitch, 8^ inches wide, and at 22 revo- 
lutions its strength by the rules in (60) is ^16*7 x 22 x 3^ X 
8 J^ X • 05 = 73 • 3 horse-power, whereas the power of the engines 
was 90-horse. But, as shown in (71), the case of a wheel 
driving two or more pinions is exceptional, and in our case, 
although its power with one pinion would be 73 * 3-horse, with 
two pinions it would be 73*3 X 2 = 146*6-horse. On strictly 
correct principles, the strength of the teeth should have been 
calculated for 45-horse, and that of the arms (73) for 90-horse ; 
but in that case obviously, the wear-and-tear with two pinions 
would be double that with one, and for that reason, possibly, an 
intermediate strength of 73-horse was adopted ; by the rule in 
(72) it comes out 64-horse. The two lines of shaffcing were 
driven by the mortise-pinions B, B, 4 feet If inch diameter, &c. 

As shown in (70), the wheels for rag-engines require to be of 
extra strength, the mortise-wheels C, C, C were placed in pairs, 
each driving one rag-engine, C was 4 feet 7 inches diameter, 
2^ inches pitch, 5 inches wide, and its power with 88 revolutions 

by the rule in (60) is V4-58 x 88 X 2}» x 5 x -05 = 31-horse, 
and as the mean power was say 7-horse, we have an excess of 
31 - 7 = 24-horse. 

(152.) The proper sizes for the shafting may now be calcu- 
lated on the principles governing exceptional oases explained in 
(89) and elsewhere. Say that we admit for safety that with 
seven rag-engines in one line, two at the remote end are taking 
the maximum power due to their pinions, or 31 x 2 = 62-hor8e, 
and the rest, the normal amount of 7 horse-power; then the 
shaft G must be calculated for 62 horse-power by the rule for 
large diameters in (75) ; taking the value of M for wrought iron 
at 160, we obtain for G (62 x 160 -r- 88) ^ = 4| inches dia- 

I 2 
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meter ; then F having to drive two extra rag-engines, the power 
becomes 62 -f 14 = 76-horse, and the diameter (76 x 160 4- 88) 
t^ = 5^^ inches ; for E we have 76 + 14 = 90-horse, and 
(90 X 160 -7- 88) ^ = 5^ inches diameter; and finally for D, 
90 + 7 = 97-horse, and (97 X 160 -r- 88) ^ = 6f inches dia- 
meter. The actual sizes were a little less than we have calcn* 
lated, but there was a fly-wheel H at the remote end of each 
shaft which would tend to equalize the strain materially. The 
rag-engine pinion J was 2 feet 6^ inches diameter, and made 
160 revolutions per minute. 

(153.) " Steam Corn-mill, Taganrog" — This mill was con- 
structed by Fairbaim, and consisted of thirty-six pairs of stones 
in one line, but as it was driven by engines placed in the centre) 
and driving right and left, we may take it that there were virtually 
eighteen pairs driven by one line of shafting. The engines were 
of the^reputed nominal power of 200 horses, but gave 600 gross 
indicated, or, by our standard (4), 800 nominal horse-power; 
each shaft, therefore, carried 150-horse, and by the rule in (75) 
the diameter for cast iron with 254 for the value of M and 
87*7 revolutions per minute, comes out (150 x 254 -7- 87*7) 
^ = 7f inches, or f inch less than the actual size, which was 
8^ inches next the engine, reduced down successively to 7^, 6^, 
and finally to 6 inches at the remote end. 

The work done by the eighteen pairs of stones was 100 bushels 
of wheat per hour, and we may calculate the proper diameter 
for the shaft by the principles indicated in (88), &c. To grind 
lOO bushels of wheat requires 100-horse indicated, or, by our 
standard (4), 100 x 2 -7- 3 = 67-horse nominal ; to dress 100 
bushels requires 25-horse indicated, or, 17-horse nominal; the 
bolter and sack-tackles would take about 10-horse. Allowing, 
as in (70) that the eascess of power is 13 — 3 = 10-horse per 
pair of stones, and that six out of the eighteen pairs were taking 
that extra power, and the rest the mean normal power, we have 
67 + 17 + 10 + (6 X 10) = 154-horse nominal, or nearly the 
same as before. We have seen in (142) that it is a critical 
arrangement to drive a number of millstones by one long shaft, 
and that sufficient stifGaess cannot be obtained except by adopting 
sizes larger than the rules give, even after making all the allow 
ances for known exceptional circumstances. 
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(154.) " Qenercd Bemarhs** — It will be observed from the 
nmnerous examples we have given in this chapter and elsewhere 
throughout the work, that care and judgment are necessary in 
applying the rules so as to include all the conditions of the case. 

For instance, if we required the diameter for a shaft with a 
given power and speed, we must, 1st. Ascertain if possible the 
real nominal horse-power by our standard (4) from the nei 
indicated power (6), or from the gross indicated power (7), or 
from the size of cylinder, &c., &c. (8), (10). 2nd. Find if that 
power is uniform as from a water-wheel, or variable as due to 
the character of the prime mover (110), or to the action of the 
crank (76), or to the expansive action of the steam (86). 3rd. 
Observe if the work to be done is uniform as in driving a set 
of 3-throw pumps, or variable as in driving a circular saw, &c. 
(87). 4th. Consider torsional strength (76). 5th. Torsional 
stiffness (79). 6th. Transverse strength, where a wheel or crank 
overhangs the bearing (104). 7th. Transverse stiffness, if the 
shaft is heavily loaded and the bearings necessarily distant 
from the load (104). 8th. Abrasion, if the bearings are heavily 
loaded (97); and 9th. Heating, if the shaft is loaded and its 
speed considerable (99). 

It should also be observed that when the work is very 
variable, the power of the engine and the strength of the gear- 
ing must usually be equal to the maximum strain, except indeed 
in cases where that strain is momentary only, and the momentum 
of the fly-wheel may suffice to overcome it ; but even in that 
case, the gearing must be adapted to the maximum strain. Say 
that we have a clay-mill worked effectively by an ordinary 
horse walking in a circle for 10 hours per day, and we wish to 
substitute a water-wheel or steam-engine to do the same work. 
Now, by Table 4, the power of the horse is *475, say ^ horse 
net indicated, and it would appear that a water-wheel or steam- 
engine of that power would suffice. But, from the nature of 
the work, there are frequently times (when, for instance, a large 
lump of clay is thrown in) when the horse is obliged to exert 
his full strength for a short time, or by (14) about ^ X 6 = 3- 
horse net indicated power; hence the water-wheel or steam- 
engine and the gearing must be equal to that power, or fekilure 
would result. 
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Cases where the work is more or less yariable are very 
numerous (87), but where the variation is not great, special 
provision by extra strength of gearing is not necessary, becanse, 
as shown in (147), &c., our rules allow a certain margin of 
extra strength for contingencies. Thus in (144) we had wheels 
12 • 74 -4- 16 = • 80, or 80 per cent, only of the strength required 
by the rule, or 20 per cent, too weak; they were therefore 
strained 16 -4- 12 • 74 = 1 • 26, or 26 per cent, beyond their calcu- 
lated strength, yet they stood welL In (138) we had wheels 
strained 23 per cent, in excess of their calculated strength, 
which were satisfactory in practice ; with even 50 per cent, in 
excess, the wheels in (147) did not immediately break down, 
indeed they did their work for some years, although not satis- 
factorily ; but evidently, with that excess, failure is eventually 
certain, and is only a question of time. 

As to shafting, — the 80-horse shaft in Table 15 which failed 
with 3 inches diameter to do work for which 3| inches diameter 

was required by the rule, was strained 3f*-r3* = 2*44, or 
144 per cent, above its normal strength, and failed, as might 
have been expected. When altered to 8^ inches diameter, it 

was still 3f ^ -T- 3^^ = 1 ' 32, or 32 per cent, overstrained, and 
although it did its work, it lacked the necessary sti&ess, and 
was not perfectly satisfactory. The * Warrior ' shaft (85), whoso 
actual strength was 53 per cent, only of that required by our 
rules, and was strained 21^-4- 17^ = 1*88, or 88 per cent, above 
its normal strength, seems to bear even that excessive strain. 

Generally, we may admit, that for perfect safety and perma- 
nence the strains given by our rules for Wheels and Shafts 
should not be exceeded, but that on emergency, 25 per cent, of 
extra strain may be allowed constantly without much risk of 
failure : for occasional and temporary variations of strain, per- 
haps 40 per cent, in excess may be permitted, but beyond those 
two limits, the case must be regarded as exceptional (69), (85), 
and extra strength of gearing must be provided to bear the 
extra strain*, 
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On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve 
Gearing.' Fcap. 8vo, sewed, dd, 

A Handbook of Formula^ Tables^ and Memoranda^ 

for Architectural Surveyors and others engaged in Building, By J, T. 
Hurst, C.E. Thirteenth edition, royal 32mo, roan, 5j>. 

^ " It is no disparagement to the many excellent publications we refer to, to say that in our 
opinion this little poocet-book of Hurst's ia the very best of them all, without any exception. 
It would be useless to attempt a reca^tulation of the contents, for it appears to contain almost 
everything x^K anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by ^ in., and about f in. thick, 
in a limp cover. We congratulate the author on the success of his laborious and practinUly 
compiled little book, whioi has received unoualified and deserved praise from every profes- 
sional person to whom we have shown it."— The J?u6lim Builder, 

The Cabinet Maker ; being a Collection of the most 

approved designs in the Mediaeval, Louis-Seize, and Old English styles, 
for the use of Cabinet Makers, Carvers, &c. By R. Charles. 96 plates^ 
folio, half-bound, lor. 6^. 

Quantity Surveying. By J. Leaning. With 42 illus- 
trations, crown 8vo, cloth, gj*. 

Contents : 



A complete Explanation of the London 

Practice. 
Geneial Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Wanning. 
Credits, with various Examples of Treatment. 
Abbreviations. 
Squaring the Dimensions- 
Abstracting, with Examples in illustration of 

each Trade. 
BilUng. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 

Do. Bill of Credits. 

Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of Bill. 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Spedficatbns. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade, 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Old Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



A Practical Treatise on Heaty as applied to the 

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas 
Box. With \^ plates. Third edition, crown 8vo, cloth, 12s, 6d, 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.I. Fifth edition, with numerous illustrations^ 
crown 8vo, cloth, 5^. 
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Spons* Architects^ and Builders Pocket-Book of Prices 

and Memoranda, Edited by W. Young, Architect. Royal 321110, roan, 
4J. 6^. ; or, cloth, red edges, 3^. dd. Published annually. Tenth edition. 
Now ready, 

Long'Span Railway Bridges^ comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.E. Plates ^ crown 8vo, 
cloth, 5j>. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs. By AuGUtT Ritter, Ph.D., Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt. R.E. With 500 illustrations^ 8vo, cloth, 15J. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, is, 6d, 

The Elementary Principles of Carpentry. By 

Thomas Tree^gold. Revised from the original edition, and partly 
re- written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Third 
edition, crown 8vo, cloth, i8J. 

Section I. On the Equality and Distribution of Forces— Section II. Resistance of 
Timber — Section III. Construction of Floors— Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges — Section IX Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts— 'Section XI. Joints, Straps, and other Fastenings— Section XII. Timber. 

Our Factories, Workshops, and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst. C.E. With 183 wood engravings, crown 8vo, cloth, 9J. 

Gold : Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineralogical Charac- 
ters of Gold-bearing rocks ; the peculiar features and modes of working 
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of complex Auriferous 
ores containing other metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. With 
numerous illustrations and .maps, 1250 pp., super-royal 8vo, cloth, 
2/. I2s, hd, 
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Spans* Dictionary of Engineering, Civil, Mechanical, 

Military^ and Naval; with technical terms ia French, Gennan, Italian, j 

and Spanish, 3100 pp., and nearly 8000 engravings ^ in super-royal Svo, ' 

in 8 divisions, 5/. is. Complete in 3 vols., cloth, 5/. 5^. Bound in a \ 

superior manner, half-morocco, top edge gilt, 3 vols., 6/. 12s. 

Seepage 15. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. With 10 plates, crown Svo, cloth, yx. (id. 

Metrical Tables. By G. L. Molesworth, M.I.C.E. 

32mo, cloth, IS, 6d, 

Contents. 

General— Linear Measures—Square Measures— Cubic Measures— Measures of Capacity- 
Weights— Combinations— Thermometers. 

A Handbook of Electrical Testing. By H. R. 

Kempe, Member of the Society of Telegraph Engineers. New edition, 
revised and enlarged, with 81 illustrations. Crown 8vo, cloth, izs, 6d, 

Electro 'Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer. A Book for Beginners. Illustrated, Fcap. Svo, 
sewed, (yd, 

Handrailing : by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition, with seven plates, Svo, cloth, 3^. dd, 

Handrailing: by the Square Cut, By John Jones;, 

Staircase Builder. Part Second, with eight plates, Svo, cloth, 3J. (id. 

The Gas Consumers Handy Book. By William 

Richards, C.E. Illustrated, iSmo, sewed, 6d, 

Steam Heating for Buildings ; or, Hints to Steam 

Fitters, being a description of Steam Heating Apparatus for Warming 
and Ventilating Private Houses and large Buildings ; with Remarks t)n 
Steam, Water, and Air in their relation to Heating ; to which are added 
miscellaneous Tables. By J. W. Baldwin, Steam Heating Engineer. 
With many illustrations. Second edition, crown Svo, cloth, loj*. 6d, 
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A Pocket-Book of Useful Formulce and Memoranda 

for Civil and Mechanical Engineers, By Guilford L. Molesworth, 
Mem. Inst C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations^ 744 pp. Twenty-first 
edition, revised and enlarged, 32mo, roan, 6j. 

Synopsis of Contents: 

Sarveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses-Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads— Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters— Gas, Ventilation, and Warminff— Heat, 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers— Millwork, Teeth of 
Wheels, Shafting, etc. — ^Workshop Recipes — Sundry Machinery — Animal Power— Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc.— Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Teleg^phy — Mensura* 
don — ^Tables of Areas and Circumference, and Arcs of Circle.*;— Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc.— Useful Numbersr-Differential and Integral Calcu' 
lus— Algebraic Signs— Telegraphic Construction and Formulae. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. HuRST, C.E., Author of 'Architectural 
Surveyors* Handbook,* * Hurst's Tredgold's Carpentry, ' etc. Fifth edition, 
64mo, roan, gilt edges, \s, ; or in clodi case, is, 6d, 

This work is printed in a pearl t^pe, and is so small, measuring only ai in. by xf in. by 
i in. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but ai in. by zf in., vet these dimensions faithfully represent the size of the handy 
little book before us. The volume'—which contains zz8 printed pages, besides a few blank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat podcet, and containing a far greater amount and variety of information than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket compamoa,'*'-^£^gimerit^. 

Analysts, Technical Valuationy Purification and Use 

of Coal Gas. By the Rev. W. R. Bowditch, M. A. With wood engravings, 

8vo, cloth, I2s. 6d. 

Condensation of pas — Purification of Gas— Light— Measuring— Place of Testing Gas- 
Test Candles— The Standard for Measuring Gas-light— Test Burners— Testing Gas for 
Sulphur— Testing Gas for Ammonia— -Cd&densation by Bromine— Gravimetric Method of 
taking Specific Gravity of Gas — Carburetting or Naphthalizing Gas— Acetylene— Explosions 
of Gas— Gnawing of Gaspipes by Rats— Pressure as related to Public Lighting* etc 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement.' 
Now Edition, with 59 woodcuts and ^ plates, 8vo, cloth, 15/. 

Hydrodynamics : Treatise relative to the Testing of 

Water- Wheels and Machinery, with various other matters pertaining to 
Hydrodynamics. By James Emerson. With numerous illustrations^ 
360 pp. Third edition, crown 8vo, cloth, 4J. dd. 
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The Gas Analysts Manual. By F. W. Hartley, 

Assoc. Inst. C.E., etc. With numerous iUustrdtions, Crown 8vo, 
doth, 6j. 

Gas Measurement and Gas Meter Testing. By 

F. W. Hartley. Fourth edition,- revised and extended. Illustrated, 
crown 8vo, cloth, 4J. 

The French' Polisher's Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodjring, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, dd. 

HopSy their Cultivation, Commerce, and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, 4/. dd. 

A Practical Treatise on tlte Manufacture and Distri- 

butian of Coal Gas, By William Richards. Demy 4to, vi\&\. ^numerous 
wood engravings and 29 plates, cloth, 28^. 

Synopsis of Contents: 

Introduction — History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay— Retort Setting— Hydraulic Main — Con- 
densers—Exhausters — Washers and Scrubbers— "Purifiers— Purification — History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concsete, Cast-iron, Compound Annular 
Wrotrght-iron — Specifications — Gas Holders — Statum Meter — Governor — Distribution- 
Mains— Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, £sq.~- 
Services — Consumers* Meters— Regulators-r-Bumers— Fittings — Photometer — Carburization 
of Gas— Air Gas and Water Gas-Composition of Coal Gas, by Lewis Thompson, ^sq.— 
Analyses of Gas — Influence of Atmospheric Pressture and Temperature on Gasr— Residual 
Products — Appendix — Description of Retort Settings, Buildings, etc., etc. 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numierous 
examples; to which are added rules for Shading Shade-lining, etc., 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George S. Clarke, Lieut. R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College. 20 plates, 
4to, cloth, 1 5 J. 

The Elements of Graphic Statics. By Professor 

Karl- Von Ott, translated from the German by G. S. Clarke, Lieut. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, ^s. 

The Principles of Graphic Statics, By George 

Sydenham Clarke, Lieut. Royal Engineers. H^th 112 illustrations. 
4to, cloth, I2s, 6d, 
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The New Formula for Mean Velocity of Discharge 

of Bwers and Canals, By W. R. Kutter. Translated from articles in 
the * Cultur-Ingenieur,' by Lowis D'A. Jackson, Assoc Inst. C.E. 
8vo, cloth, 12S. 6d, 

Prdctical Hydraulics ; s. Series of Rules and Tables 

for the iise of Engineers, etc., etc. By Thomas Box. Fifth edition, ' 
num£r<ms plates^ post 8vo, cloth, 5j. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels^ specially designed for the use of opera- 
tive mechanics. By William CuLLEN, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, cloth, izr.6^. 

Aid Book to Engineerijig Enterprise Abroad. By 

EwiNG Matheson, M. Inst C.E. The book treats of Public Works 
and Engineering Enterprises in their inception and preliminary arrange- 
ment ; of the different modes in which money is provided for their 
accomplishment ; and of the economical and technical considerations by 
which success or failure is determined. The information necessary to 
the designs of Engineers is classified, as are also those particulars by 
which Contractors may estimate the cost of works, and Capitalists the 
probabilities of profit. Illustrated, 2 vols., 8vo, I2s, dd, each. 

The Essential Elements of Practical Mechanics ; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for CivU 
Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
7j. td» 

Contents : 

Chap. I. How Work is Measured by a Unit, Ibotli with and without reference to a Unit 
of Time — Chap. 2. The Work of Living . Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion — Chap. j. The princi^es expounded in the first and 
second chapters are applied to the Motion of Bodies— Chap. 4. The Transmission of Work by 
simple Machines— Chap. 5' Useful Propositions and Rules. 

The Practical Millwrights and Engineers Ready 

/Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3J. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M J.C.E., 
M.I.M.E. With 20 plates, Svo, cloth> iSi. 

A Practical Treatise on the Manufacture of Starch, 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By TULius Frankel ; edited by Robert Hutter, 
proprietor of the Philadelphia Starch Works. With 58 illustrations, 
344 pp., Svo, cloth, i&. 
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A Practical Treatise on Mill-gearings Wheels^ Shafts ^ 

Riggersy etc,; for the use of Engineers. By Thomas Box. Third 
edition, with iiplaUs. Crown 8vo, doth, 7j. 6d, 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andri£, F.G.S., Assoc. Inst. C.£., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates^ accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. lis. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — ^Ventilation — Pumping— 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Bride Earth, etc. 

Tables for Setting out Curves for Railway s^ Canals, 

Roads y etc, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2j. 6^. 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc 8vo, cloth, iZs, 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andrk, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9;. 

Contents : 

The Drawing Office and its Furnishings— Geometrical Problems — ^Lines, Dots, and their 
Combinations — ^CoIours, Shading, Lettering, Bordering, and North Points — Scales— Plotting 
— Civil Engineers' and Surveyors' Plans— Map Drawing — Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometrical FormuUe, etc., etc. 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' eto. Second edition revised, with illustrd' 
tions, crown 8vo, cloth, 5j. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
lor. 6d, 

Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. Illustrated, 8vo, sewed, 2j. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtofis Builders^ and Contractors Tables ; for the 

use of Engineers, Architects, Surveyor^, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5J-. 

Laxtons Builders^ and Contractors^ Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations*. 4to, cloth, 5^. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts^ 8vo, cloth, i/. I or. 

Screw Cutting Tables for Engineers and Machinists ^ 

giving the" values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal 8vo, cloth, oblong, 2x. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, u., or sewed, td, 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide-Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, dd, 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised bv his Son, E. F. Bailey-Denton, C.E., B.A. 
With 140 illustrations^ ovo, cloth, 8j. 60^, 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeune:r. 
Third edition, revised and enlarged, translated from the German, with tiie 
special permission of the author, by Mokjtz MCller, Plates^ 8vo, 
cloth, lAr. 6^. 

A Pocket-Book for Boiler Makers and Steam User's^ 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
. using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

The Strains upon Bridge Girders and Roof Trusses y 

including the Warren, Lattice, Trellis, Bowstring, and' other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C,E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 Ubtstraiions^ drawn and worked out to scalcy 
8vo, cloth, 12^. dd, 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and C6nstruction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously Uiustrated 
with woodcuts and ^ plates, in one Volume, half-bound morocco, 2/. 2J. ; 
or cheaper edition, cloth, 25J. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam En^^ines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horisontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Ureat Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Modon-blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection' will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct.' 

Barlow s Tables of Squares, Cubes, Square Roots^ 

Cube Roots, Reciprocals of all Integer Numbers up to io,ooa Post 8vo, 
cloth, 6j. 

Camus (M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins, Third editiob, with iS plates, 8vo, cloth, 5^. 
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A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities^ etc., with a 
general description of the sever^ Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Third edition, 41 plates 
with illustrations and tables, royal 8vo, cloth, I2s, 6d, . 

Principal Contents : 

^ Part I. Introduction and the Principles of Geometry. ^ Part 2. Land Surveying ; com- 

f rising General Observations— The Cham — Offsets Surveying by the Chain only— Surveying 
lilly Ground — To Survey an Estate or Parish . by the Chain only — Surveying with the 
Theodolite— Mining and Town Surveying — Railroad Surveying — Mapping— Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Part 3. Levelling — 
Simple and Compound Levelling— The Level Book — Parliamentary Plan and Secdon — 
Levelling with a Theodolite — Gradients — ^Wooden Curves — ^To Lay out a Railway Curve — 
Setting out Widths. Part 4. -Calculating Quantities generally for Estimates — Cuttings and 
Embankments — ^Tunnels — Brickwork — Ironwork— Timher Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plottine — The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Proportional Compass -~ Box Sextant— Vernier — Panta- 
graph — Merrett's Improved Quadrant — Improved Computation Scale — The Diagonal Scale — 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Saws: the History, Development^ Action^ Classifica- 

tiont and Comparison of Saws of all kinds. By Robert Grimshaw. 
IVitk 220 illustrations, 4to, cloth, 12s, 6d, 

A Supplement to the above; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 illustrations, cloth, 9J. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illtuirations, 
second edition, crown 8vo, cloth, 4$-. dd. 

Laying and Repairing Electric Telegraph Cables. By 

Capt. V. Hoskicer, . Royal Danish Engineers. Crown 8va, cloth, 
3<f. (>d, 

A Pocket' Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32mo, roan, 4^. dd. 

Table of Logarithms of the Natural Numbers^ from 

I to 108,000. By Charles Babbage, Esq., M.A. Stereotjrped edition, 
royal 8vo, cloth, yj. dd. 

To ensure the correctness of these Tables of Logarithms, they were compared with Callett's, 
Vega's, Hutton's, Briggs', Gardiner's, and Taylor s Tables of Logarithms, and carefully read 
by nine different readers ; and further, to remove any possibility of an error remaining, the 
stereotyped sheets were hung up in the Hall at Cambridge University, and a reward offered 
to anyone who could find an inaccuracy. So correct are these Tables, that since their first 
issue in 1827 no error has been discovered. 
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The Steam Engine considered as a Heat Engine : a 

Treatise on the vTlieory of the Steam Engine, illustrated by DiagramSy 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval Colleger 
8vo, cloth, i2s, 6d, \ 

The Practice of Hand Turning in Wood, Ivory, Shelly 

etc,, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on ^ ' 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Second edition, tvith wood engravings, crown 8vo, cloth, 6x. 

Contents : 

On Lathes— Turning Toola— Turning Wood— Drilling^^crew Cutting— Miscellaneous 
Apparatus and Processes—Turning Particular Forms-^Staining— Polishing— Spinning Metals 
-~Materials^--Omanxental Turning, etc. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and witH some actual 
Experiments. By J. Drysdalb, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, ^s, 6d, 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, ds. 6d, 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time— Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up — The Verge — The Horizontal — ^The Duplex— The Lever — The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clcrkenwell — Fallacies of the Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Spons' Engineers'* and Contractors^ Illustrated Book 

of Prices of Machines, Too Is ^ Ironwork y and Contractors' Material; 
and Engineers' Directory, Third edition, 4to, cloth» 6s, 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, zs, 6d, 

Contents : 

Symbols ai^d the Signs of Operation— The Equation and the Unknown Quantity^— 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents^ as Logarithms — Logarithms — ^Tables of Logaritluns 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication T and the Binomial Theorem — Division, 
Fractions, ana Ratio — Continued Proportion— The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations — List of Formule, etc. 



